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FOREWORD 


► 


This  report  describes  the  work  accomplished  by  Hercules  Incorporated 
in  isolating,  evaluating,  and  correcting  conditions  that  resulted  in 
cracks  within  the  snap-ring  groove  of  the  no^^le-port  flange  of  the  ilinute- 
man  third  stage  motor.  The  investigation  and  recovery  program  was  conducted 
at  Hercules /Bacchus  Works  and  at  the  Goodyear  Tire  and  Rubber  Company. 

Authority  for  the  preparation  of  this  report  was  obtained  under 
Contract  Change  Notification  (CCN)  261  to  Contract  AF  04(694) -1*7. 
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ABSTRACT 


In  October  196',  crackin,-  in  che  nner  base  corner  of  the  machined  snap- 
ring  groove  of  nozzle  port  f large  number  b  w-s  discovered  on  post-hydrotest 
inspection  of  case  S/N  HP00406.  The  insulator  for  this  case  was  manufactured 
by  Goodyear  Tire  and  Rubber  Company  and  serialized  GY0Q505.  Subsequent  in¬ 
spection  of  all  cases  and  insulators  in  process  proved  the  phenomenon  was 
peculiar  only  to  insulators  manufactured  by  Goodyear, 

Hercules  Incorporated  immediately  initiated  an  investigational  program 
described  in  docutnent  MTO- 752-24,  Investigation  and  Recovery  Program  for 
Nozzle-Port  Flange  Snap-Ring  Groove  Cracking  Problem.  This  program  plan  was 
submitted  to  and  approved  by  AFBSD/TRW.  The  program  was  conducted  under 
Contract  Change  Notices  261  and  273  to  Contract  AF  04(694)- 127. 

The  results  of  the  study  provided  the  following  significant  findings: 

1.  A  complete  documentation  review  of  all  manufacturing  processes 
from  the  forging  of  the  aluminum  2014- T652  billet  through  the 
final  nozzle-port  machining  operation  showed  th-t: 

a.  No  failure  correlation  to  specific  forging  heat  lots  existed. 

b.  Aluminum  alloy  met  material  property  specifications. 

c.  All  nozzle -port  flanges  met  drawing  requirements. 

2.  Metallurgies'  analyses  of  the  hand -forged  aluminum  billets  gave 
evidence  of  pcor  flow-line  orientation  throughout  the  billets  that 
would  accentuate  failure  conditions  under  improper  toads. 

3.  A  significant  contour  mismatch  of  0.046  in.  was  measured  between 
the  flange  and  the  aft-dome  mold. 

4.  Internal  mold  pressures  resulting  from  a  fully  loaded  aft-dome 
mold  were  o*  sufficient  magnitude  to  crack  improperly  supported 
nozzle-port  flanges. 

5.  Vendor  attempts  to  reduce  cracking  during  aft-dome  moldin? 

by  controlling  the  volume  of  rubber  put  into  the  mold  were  ineffec¬ 
tive  because  of  volumetr ic-tolerance  buildups  of  the  component 
parts  within  the  mold  cavity. 

TVo  aft  domes  were  studied  during  the  moldin«  operation.  Results  of 
these  studies  demonstrated  that  a  fully-loaded  mold,  with  existing  flange 
•upport,  would  consistently  crack  all  flanges.  The  following  modifications 
were  then  made  to  the  mold,  molding  process,  and  forging  to  eliminate  the 
cracking : 

1.  The  mold  cooling  plug  was  changed  to  properly  locate  the  nozzle- 
port  flange  relative  Co  the  mold. 
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2.  Rubber  volume  control  was  established  to  fill  the  mold  to 
capacity. 

3.  Both  snap-ring  groove  radii  were  increased. 

a.  Forward  radius  from  0.005  maximum  to  0.040  +  0.010  in. 

b.  Aft  radius  from  0.005  maximum  to  0.025  +  0.005  in. 

4.  The  hand-forged  aluminum  flange  was  replaced  with  a  die-forged 
aluminum  flange  containing  improved  flow-line  characteristics. 

5.  The  brittle,  anodized  surface  within  the  snap-ring  groove  was 
changed  to  a  chemical  conversion  coating. 

After  three  test-dome  moldings  demonstrated  the  effectiveness  of  these 
modifications  in  eliminating  the  flange  cracking,  a  qualification  program  of 
seven  additional  aft-dome  moldings  was  performed.  Three  of  the  seven  aft 
domes  were  molded  and  the  nozzle -port  flanges  found  free  of  cracks 
by  metallurgical  analysis.  The  remaining  four  domes  were  molded  into  insu¬ 
lators  S/N  GY00557X,  GY00549RX,  GY00545RX,  and  GY00558X;  wound  into  cases 
RH00298,  RH00297,  RH00299,  and  RH00300;  and  processed  through  the  hydrotest 
operation  at  Hercules  Plant  2.  All  of  these  units  were  successfully  proc¬ 
essed.  Metallurgical  examination  of  the  post- hydro test  nozzle-port  flanges 
proved  soundness  of  their  structure.  As  a  result  of  this  qualification  pro¬ 
gram,  production  of  internal  Insulators  was  resumed  at  Goodyear, 

During  the  Goodyear  aft-dome  mold  evaluation,  a  program  was  established 
to  determine  the  status  of  Che  Mlnuteman  field  force.  Examination  of  all 
Quality  Assurance  static -fired  hardware  for  both  Wing  I  and  Wing  II  provided 
data  that  32  firings  of  motors  with  cracked  nozzle-port  flanges  had  been 
conducted  with  no  evidence  of  motor  performance  degradation.  Based  on  the 
statistical  analysis  of  the  failure  rates  of  nozzle-port  flanges  in  motors, 
it  was  estimated  that  18  flight-test  motors  with  cracked  nozzle-port  flanges 
had  been  flown  with  no  evidence  of  failure  or  degradation  attributable  to 
the  cracked  nozzle -port  flange. 

In  addition,  a  case  (S/N  HP00406)  with  one  cracked  nozzle-port  flange, 
was  hydroburst  to  determine  the  effect  of  a  cracked  flange  on  the  case  burst 
pressure.  This  case  burst  at  706  pal,  well  in  excess  cf  the  615  psi  average 
case  hydroburst  pressure  of  that  production  period. 

As  a  result  of  the  examination  of  post-fired  hardware  and  case  testing, 
the  reliability  studv  concluded  that  the  cracking  of  nozzle-port  flanges  in 
Goodyear  insulators  does  not  impair  the  reliability  of  the  third-stt*ge  motor 
in  the  operational  inventory.  For  this  reason,  no  replacement  of  any  unit 
found  to  have  a  cracked  flange  was  recommended  by  Hercules. 
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For  additional  comprehension  of  the  flange  cracking  phenomena,  Allied 
Research  Associates,  Concord,  Massachusetts,  was  subcontracted  to  apply 
photo-elastic  stress  analysis  techniques  to  the  aft-dome  problem.  These 
techniques,  combined  with  metallurgical  analyses,  provided  additional  evi¬ 
dence  that  flange  failure  was  caused  by  the  excessive  loads  in  the  molding 
process. 

Since  the  completion  of  the  qualification  program  at  Goodyear,  produc¬ 
tion  of  acceptable  insulators  has  demonstrated  that  the  nozzle-port  flange 
cracking  problem  has  been  eliminated  by  the  modifications  introduced  as  a 
result  of  this  study. 

As  of  10  May  1966,  the  no~’.Ie-port  flanges  of  92  consecutive  cases 
passed  inspection  establishing  a  97.5  percent  reliability  demonstration  at 
the  90  percent  confidence  level. 
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SECTION  I 


INTRODUCTION 


On  23  October  1964,  a  post-hydroteat  visual  examination  of  Minuteman 
Cast  KP00406  revealed  s  crack  In  the  aluminum  flange  snapping  groove  of  poi  t 
number  3.  The  crack  occurred  in  the  forward  radius  area  of  the  flange  snap- 
rlng  groove  at  180  degrees  from  the  keyway.  The  nozzle  port-flange  was  hand 
forged  20lA  T632  aluminum  alloy  produced  by  Kaiser  Aluminum  Company  and 
utilized  in  an  insulator  aft-dome  molding  at  Goodyear  Tire  and  Rubber  Company. 

The  notzle-port  cracking  problem  had  been  encountered  previously  during 
the  Wing  I  and  IT  R&D  phases  of  the  Minuteman  Program  at  a  nominal  five  per¬ 
cent  loss  rate.  Since  the  loss  rate  was  within  expected  production  loss 
rates,  and  a  no  change  policy  was  in  effect  at  that  time,  no  changes  to  the 
aft  dome  were  made.  However,  a  dye- penetrant  inspection  instituted  after 
molding  of  the  aft  domes  assured  that  no  cracked  parts  were  being  permitted 
to  enter  the  fabrication  system. 

In  May  1964,  Goodyear  changed  from  the  -243  R&D  aft-dpme  mold  (USAF-243* 
318-3)  to  the  -690  production  aft-dome  mold  (USAF- 690- 5003- 13) .  The  mold 
nomenclature,  i.e.,  -243  and  -690,  represent  the  contract  numbers  under  which 
they  were  purchased.  This  change  was  necessary  when  the  -243  mold  became 
worn  and  continued  use  would  have  resulted  in  the  production  of  unacceptable 
parts.  The  main  differences  in  these  molds  are  shown  in  Table  I. 

An  informal  First  Article  Acceptance  (FAA)  of  an  aft  dome  produced  by 
the  -690  mold  was  performed  to  assure  that  the  dome  molding  parameters  such 
as  time,  temperatures,  and  pressures,  would  remain  the  same.  As  further  proof, 
the  chemical,  physical,  and  dimensional  characteristics  of  the  aft  dome  pro¬ 
duced  on  the  -690  mold  were  found  to  be  the  same  as  those  produced  by  the  -243 
mold.  Based  on  the  data  from  this  FAA,  Goodyear  was  permitted  to  replace  the 
-243  "pot  heater"  mold  with  the  -690  "steam  jacketed"  mold. 

With  the  discovery  of  cracked  flanges  entering  the  fabrication  system, 
Hercules  in  October  1964  initiated  a  dye-penetrant  inspection  of  all  units 
in  the  various  stages  of  fabrication  at  the  Bacchus  and  Clearfield  plants. 

The  investigation  showed  that  the  nozzle  port  cracking  problem  was  of  serious 
proportions,  eventually  reaching  65  percent  of  all  units  made  from  the  com¬ 
bination  of  Kaiser  hand -forged  flanges  and  the  -690  aft-dome  mold  at  Goodyear. 
Production  at  Goodyear  was  stopped  when  the  severity  of  the  problem  was 
defined . 


Each  instance  of  flange  cracking  was  found  to  be  in  the  forward  radius 
area  of  the  snap-ring  groove  at  the  keyway  and/or  180  degrees  from  the  keyway 
as  shown  in  Figures  1  and  2.  These  cracks  were  found  to  be  a  maximum  of  ten 
inches  in  circumferential  length. 
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TABLE  1 


GOODYEAR  MOLD  COMPARISON 


Ittm 

-243  Mold 

•  690  Mold 

Method  of  Heating 

Steam  heated  autoclave  (pot 
heater) 

Steam  Jacketed  mold 

Method  of  Pressure 

Steam  pressure  and  ram  in 
autoclave 

Ram  press 

Movement  of  Work 
Aoints  in  the  Mold 

The  work  point  was  moved 
approximately  0.100  in.  fwd 
away  from  the  aft  center  port 

The  work  point  was  moved 
approximately  0.090  in.  aft 
toward  the  aft  center  port 

Position  of  Great¬ 
est  Flange  Gap 
Between  Mold  and 
Flange  Contour 

There  was  an  average  gap  of 
0-030  between  the  mold  and 
the  edge  of  Che  flange  toward 
the  aft  center  port 

There  was  an  average  gap  of 
0.036  between  the  mold  and 
the  edge  of  the  flange  away 
from  the  aft  center  port 

Contours 

The  contours  were  approximate! 

_ 

y  the  same  for  both  molds 

_ 

Cracking  Problem 

r- 

Both  molds  produced  aft  doiu.s  wl  i.n  cracked  flanges 

! 

_ _ 1 _ _ 

SECTION  A -A 


Figure  1.  Flange  Cross  Section 


Figure  2,  Flange  Cracking  Zone 


A  Program  Plan  entitled  Investigation  and  Recovery  Program  for  Nozzle 
Port  Flange  Snap  Ring  Groove  Cracking  Problem  (MTO-752-24)  was  submitted  to 
BSD/TRW  for  approval  on  9  November  1964  and  amended  on  16  November  1964. 

The  approval  was  received  by  HPC  on  11  December  1964  by  TWX  BSRPK-3/12198 
from  BSD/TRW. 

Hercules  immediately  launched  a  multipronged  investigative  effort. 
Documentation  was  reviewed  which  traced  the  aluminum  from  machined  flange 
to  forging  to  heat  lot;  metallurgical  and  dimensional  analyses  were  performed; 
tooling  was  evaluated;  and,  the  nozzle-port  flange  was  tested  under  every 
condition  it  sees  during  its  life  cycle. 
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SECTION  II 


INVESTIGATIVE  EFFORTS 


The  Hercules  investigative  effort  covered  the  following  areas: 

A.  Process  Analyses 

B.  Case  Tooling  Evaluation 

C.  Nozzle-Port  Flange  Loading  Studies 

D.  Metallurgical  Analysis 

This  section  discusses  these  areas  in  the  above  or  d  or  with  the  resulting 
conclusions  and  recommendations. 

A.  PROCESS  ANALYSES 

In  a  documentation  review,  every  cracked  flange  was  traced  to  its  heat 
lot.  These  data  showed  that  the  cracked  flanges  came  from  many  forging  heat 
lots.  Since  the  Certificates  of  Analysis  from  the  forging  heat  lots  involved 
in  flange  cracking  were  in  conformance  with  the  prescribed  specification 
QQ-A-367,  the  flange -cracking  problem  could  not  be  correlate-:'  to  a  particular 
heat  lot  or  a  specification  discrepancy. 

A  review  of  the  aft-dome  fabrication  process  was  undertaken  beginning 
with  the  nozzle-port  flange  machining  operation  at  Admiral  Machine  Company. 
Special  attention  was  given  to  the  clamping  and  holding  fixtures  used  in  the 
machining  operation.  The  results  of  this  review  indicated  that  the  cracking 
problem  could  not  be  correlated  to  Che  machining  process. 

The  manufacturing  process  Standard  Operating  Procedure  (SOP)  review 
performed  at  Goodyear  showed  that  the  SOP  had  been  followed  with  the  exception 
of  Goodyear  "h*>.t  soaking"  the  rubber  for  thirty  minutes  prior  to  applying 
the  ram  pressure  in  the  dome  molding  operation.  Since  this  is  a  standard 
practice  in  the  rubber  industry,  this  practice  was  incorporated  into  the  SOP 
as  an  "as  built"  condition.  The  SOP  review  was  negative  in  defining  the  crack¬ 
ing  problem. 

A  dimensional  anaLysls  of  ail  parts  and  tooling  pertaining  to  the  aft 
dome  fabrication  was  performed.  The  analysis  consisted  of  measuring  the 
nozzle  port  flanges  and  the  process  tooling  to  determine  their  interaction. 

The  investigation  included  an  evaluation  of  the  contour  mismatch  between  the 
nozzle  port  flange  and  the  aft-dome  mold  and  showed  a  maximum  gap  of  0.046  in. 
at  the  outer  perimeter  of  the  flange  on  the  side  most  distant  from  the  center 
port,  varying  to  contact  for  the  inboard  edge  of  the  nozzle-port  flange  face 
on  all  four  ports. 
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A  study  of  the  nozzle  port  cooling-plug  diameters,  with  respect  to  the 
mating  nozzle-port  flange  interface  diameters,  was  made.  At  the  flange 
o  ring  diameter  and  the  cooling  plug  interface,  it  was  possible  to  have  an 

ference  fit  of  C.?h9  to  0.025  in.  at  the  keyway  location  and  180  degrees 
from  the  keyway  extending  approximately  one  inch  on  either  side  of  the  key- 
wav  on  the  nozzle  port  flange  0-ring  (10.300  in.)  diameter.  This  restraint  in 
the  0-ring  diameter  was  a  normal  part  of  the  process  Imposed  by  Goodyear  to 
prevent  ovality  of  the  flange  during  the  aft-doir*  molding  process.  This  was 
caused  by  the  fit  and  loading  conditions  in  the  molding  process  coupled  with 
the  nonuniform  cross-sectional  configuration  of  the  flange. 

In  summary  then,  the  dimensional  analysis  showed  a  mismatch  between 
the  nozzle  port  flange  and  the  aft-dome  mold  of  0.046  in.  Also,  a 
possible  interference  fit  between  flange  O-ring  diameter  and  the  cooling 
plug  of  0.025  in. 

In  addition  to  the  foregoing  dimensional  analysis,  a  determination  of 
the  rubber  volume  of  the  mold  cavity  was  made.  Goodyear  had  attempted  in 
the  past  to  prevent  nozzle-port  flange  cracking  by  controlling  the  weight 
of  rubber  put  in  the  mold.  However,  the  above  determination  showed  that  the 
tolerance  stackups  of  the  hardware  in  the  mold  coupled  with  permitted  rubber 
density  variations  allowed  a  73  cubic. inch  range  in  volume  of  rubber  in  the 
mold.  Therefore,  the  Goodyear  method  of  controlling  flange  loads  by  con¬ 
trolling  the  weight  of  the  rubber  added  to  the  mold  was  considered  not 
feasible. 

B.  CASE  TOOLING  EVALUATION 

After  discovery  of  the  cracked  nozzle-port  flange  in  port  number  3  of 
case  HP00406,  ail  available  motors,  cases,  insulators,  and  hardware  were  dye 
penetrant  inspected  for  cracked  flsnges.  Results  of  this  inspection  showed 
that  many  of  the  cases  embodying  Goodyear  insulators,  which  had  been  hydro- 
proofed,  had  cracked  nozzle-port  flanges. 

These  findings  prompted  Hercules  to  review  and  monitor  the  Clearfield 
case  winding  and  Arrowamlth  Plastic  Tooling  operation  for  environments  or 
operations  that  could  contribute  to  the  flange  cracking  problem. 

The  review  of  the  Clearfield  case  winding  and  Arrowamlth  Plastic  Tooling 
operations  did  not  show  any  noticeable  environments  or  operations  that  would 
contribute  significantly  to  the  flangu  cracking  problem. 

C.  NOZZLE  PORI  FLANGE  LOADING  STUDIES 

Hercules  initiated  a  program  to  investigate  the  effect  of  cracked  nozzle  - 
port  flanges  on  the  structural  integrity  of  the  case;  the  effect  of  motor  firing 
pressures  on  crsck  propagttion;  end  the  effect  of  hydrotestlng  pressures  on 
crack  propagation. 

Before  the  initiation  of  these  tests,  sil  hydroproof  tooling  was 
physically  and  dimensionally  Inspected  and  found  to  be  worn  but  still  within 
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drawing  specifications.  However,  to  minimize  tooling  variables,  new  closures 
and  snap  rings  were  used  for  these  tests. 

1 •  Structural  Integrity  Test 

Case  S/N  HP00406,  with  one  cracked  nozzle  port-flange,  was  selected 
as  a  representative  sample  of  available  cases  containing  cracked  flanges 
for  hydroburst  testing.  Visual  and  dye-penetrant  inspection  of  the  case 
had  revealed  a  crack  in  the  forward  radius  area  of  the  flange  snap-ring 
groove,  extending  approximately  75  degrees  on  either  side  of  the  keyway  in 
nozzle  port  number  3. 

The  case  was  instrumented  with  the  normal  operational  test  matrix 
per  Drawing  12S00402.  In  addition,  hi-speed  movies  of  the  cracked  flange 
area  were  taken  during  the  hydroburc*"  operation. 

A  pressure  of  706  psig  was  required  to  burst  the  case.  Failure 
occurred  in  the  cylindrical  section  near  the  forward  tangent  line,  an  area 
that  could  not  have  been  affected  by  the  cracked  nozzle  port  flange.  By 
comparing  the  706  psig  burst  pressure  with  the  615  psig  average  burst  pressure 
'or  20  consecutive  lot  acceptance  hydrobursts  (10  prior  to  and  10  subsequent 
to  this  test)  it  can  be  concluded  that  the  structural  integrity  of  a  case  is 
not  Impaired  by  a  cracked  nozzle  port-flange. 

Examination  of  the  hydroburst  data  traces  and  the  hi-speed  movie 
showed  no  evidence  of  unusual  case  deflection*. 

2.  Evaluation  of  FirinR  Pressure  Effects 

This  evaluation  was  Initiated  to  determine  if  case  pressurization 
during  motor  firing  produces  sufficient  forces  to  crack  a  Goodyear  nozzle  - 
port  flange. 

In  addition  to  the  firing  pressure  Information,  it  was  also  desir¬ 
able  to  obtain  information  on  the  forces  acting  on  a  flange  at  hydroproof 
pressures. 


For  these  purposes,  nozzle  port  number  1  of  case  S/N  HP00450  was 
instrumented  with  strain  gages  as  shown  in  Figure  3.  This  case  had  been 
rejected  for  operational  use  because  of  cracked  nozzle -port  flanges  in  ports 
number  2  and  4.  Dye-penetrant  and  radiographic  inspection  indicated  there 
were  no  cracks  in  the  flanges  of  nozzle  ports  number  1  or  3. 

In  order  to  accomodate  installation  of  the  strain  gages,  3/4  in. 
dia.  holes  were  drilled  from  the  interior  through  the  insulator  and  phenolic 
at  90  degrees  and  180  degrees,  clockwise,  from  the  keyway.  Strain  gages 
number  3  and  8  were  then  bonded  to  the  aluminum  flange  through  these  access 
holes.  Likewise,  at  the  same  degree  locations,  3/4  in.  holes  were  drilled 
from  the  exterior  through  the  Spiralloy  to  accommodate  strain  gages  number 
1,  4,  and  5.  The  snap-ring  groove  was  drilled  out  so  gages  number  9  and  10 
could  be  placed  across  the  area  at  the  base  of  the  ring  groove.  Four  elec¬ 
tronic  deflection  indicators  (number  6A,  6B,  7A,  and  7B)  were  substituted 
for  strain  gages  number  6  and  7. 
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90°  FROM  KEYWAY 


NOZZLE  PORT  ALUMINUM 


DESIRED  LOCATIONS  FOR  STRAIN  GAC-ES 
REQUIRE  DRILLING  OF  SPIRALLOY, 
INSULATOR,  AND  PHENOLIC  IN  SOME  AREAS 


CASE  NO, 


\ 


9  (,  10  \  MATRIX  FOR  NOZZLE  PORT  CRACKING 
\  STUDY 


HP  00450 


\ 


Figure  3.  Strain  Gage  Location, 

Firing  Presaure  Effect*  Te*t 
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STRAIN  GAGE  DATA 

HYDROBURSTING  OF  CASE  S/N  HP00450 


Gage*  number  2  and  9  failed  prior  to  teat' and  were  deleted  from  data  requirement*  by  the  teat  conductor. 


After  completion  of  the  above  instrumentation,  the  case  was  pressur¬ 
ized  to  300  +  5  psig  at  a  rate  of  15  psig/sec.  The  300  psig  was  held  for  10 
seconds  after  which  an  attempt  was  made  to  Increase  the  pressure  to  420  +  5 
psig;  however,  at  414  psig  the  case  failed  in  the  area  that  had  been  weakened 
by  the  installation  of  gages  number  4  and  5.  (The  strain  gage  data  indicated 
that  the  case  actually  started  to  yield  at  approximately  355  psig.  Gage 
readings  above  this  pressure  were  so  erratic  that  they  served  no  purpose  and 
are  not  Included  in  this  report.) 

Table  II  shows  the  strain  gage  readings  during  the  test  cycle, 
whereas.  Figures  4,  5,  and  6  show  the  same  data  in  graphic  form.  Using  the 
modulus  of  10.4  x  10°  psi,  these  strains  were  converted  to  stress  and  plotted 
in  Figures  7  and  8. 

An  evaluation  of  these  data  shows  that  the  maximum  stresses  were  at 
the  base  of  the  snap-ring  groove  (gage  number  10)  and  on  the  back  side  of  the 
flange,  opposite  the  snap-ring  groove  (gage  number  8).  At  the  355  psig 
internal  pressure,  the  measured  tension  strain  was  0.00175  injin.  and  the 
compression  strain  was  0.00250  in./in.,  or  18,550  psi  and  26,500  psi  stress, 
respectively.  The  355  psig  pressure  is  in  excess  of  maximum  firing  require¬ 
ments  per  Model  Specification  S- 133- 1003-0- 1  for  Rocket  Motor  M57-A1,  dated 
17  April  1963. 

Since  all  cracked  flanges  failed  in  tension,  the  tensile  stress  at 
the  root  of  the  snap-ring  groove  was  considered  to  be  the  parameter  of  most 
concern  for  motor  firing  loads.  By  comparing  the  18,550  psi  stress  produced 
at  355  psig  internal  pressure  with  the  50,000  psi  minimum  force  required  to 
crack  a  flange  during  the  simulated  hydroproof  testing  described  below,  it 
was  concluded  that  firing  pressures  would  not  produce  sufficient  stresses  to 
crack  a  nozzle  port  flange  that  had  withstood  hydroproofing  loads. 

3 .  Evaluation  of  Hydroproofing  Effects 

All  flanges  used  in  the  hydroproof  effects  tests  were  instrumented 
with  strain  gages  as  shown  in  Figure  9.  The  fixture  used  in  these  tests  is 
shown  in  Figure  10.  The  objectives  of  these  tests  were  to  establish  baseline 
performance  levels  of  hand  forged  nozzle  port  flanges  manufactured  at  Goodyear 
determine  if  the  insulator  manufacturing  or  case  winding  processes  reduce 
the  capability  of  a  flange  to  withstand  hydroproof  pressures;  and,  determine 
the  effects  hydroproofing  has  on  a  nozzle- port  flange. 

In  comparing  the  baseline  performance  and  capabilities  of  new 
flanges  with  flanges  from  various  stages  of  the  insulator  and  case  manufactur¬ 
ing  processes,  no  significant  differences  could  be  noted. 

The  simulated  hydroproof  tests  (Table  III)  produced  excellent  data 
on  the  effects  of  the  configuration  variables.  Following  is  a  discussion  of 
the  major  findings. 
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GAGE  7B  -7A 
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Figure  4.  Strain  Gage  Data,  Gages  6B  Minus  6A  and  7B  Minus  7A 


HYDROTEST  DATA  CASE  HP00450 


Figure  5.  Strain  Gage  Data,  Gages  5,  8,  and  10 


HYDROTEST  DATA  C  \SE  HP 00/  50 
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Strain  Gage  Data,  Gag 


HYDROTEST  DATA  CASE  HP 00450 
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INTERNAL  PRESSURE  (PSI) 


Figure  9.  Strain  Gage  Legation,  Hvdroo-ooi  Effect  Test 


HYDROPROOF  EFFECT  TEST  DATA 


a. 


Snap-Ring  Position 


Although  the  procedure  for  Installing  the  nozzle  closure  requir¬ 
ed  the  opening  of  the  snap  ring  to  be  opposite  the  keyway,  it  did  not  require 
it  to  be  symetrically  opposite  the  keyway.  Therefore,  it  was  postulated  that 
the  positioning  of  the  opening  could  have  an  effect  on  the  resultant  stresses 
at  the  base  of  the  snap-ring  groove  during  hydroproofing.  To  establish  the 
effects  of  the  snap-ring  position,  a  series  of  simulated  hydroproof  tests  were 
conducted  with  the  center  of  the  snap  ring  opening  positioned  at  16.5  degrees, 
180  degrees,  and  196.5  degrees  clockwise  from  the  flange  keyway. 

As  expected,  the  lowest  strains  occurred  between  the  free  ends 
of  the  snap  ring.  However,  the  strains  measured  at  the  ends  of  the  snap  ring 
were  not  significantly  different  than  chose  measured  180  degrees  from  the 
opening.  Based  on  these  data,  it  was  concluded  that  snap-ring  position  has 
no  detrimental  effect  on  the  flange  during  hydroproof. 

b.  Hydroproof  Closure  Lip  Thickness 

During  inspection  of  the  hydroproof  closures  used  for  produc¬ 
tion  case  testing,  it  was  discovered  that  the  nominal  thickness  of  the  closure 
lip  was  0.150  in.  This  dimension  was  0,025  in.  thinner  than  the  nominal 
thickness  of  the  lip  on  an  operational  nozzle.  Figures  11  and  12  show  that 
the  snap  ring  does  not  seat  as  deeply  into  the  snap-ring  groove  with  the  oper¬ 
ational  nozzle  as  it  does  with  the  hydroproof  closure. 

Simulated  hydroproof  tests  were  performed  to  determine  the 
effect  of  the  hydroproof  closure  lip  thickness  on  flange  stresses.  The  re¬ 
sulting  data  showed  a  marked  increase  in  strain  attributable  to  the  0.025  in. 
thinner  test  closure  lip  thickness.  In  the  area  where  the  flange  is  cracking, 

8  trains  increased  from  approximately  0.0003  in./in.  for  the  0.175  in.  closure, 
to  0.0007  in./tn.  for  the  0.150  in.  closure. 

These  findings  were  confirmed  by  photoelastic  investigations 
of  the  hydroproof  closure  lip  thickness.  These  investigations  were  performed 
with  an  accurate  twotimeB  full-size  model  of  the  cross  section  at  the  keyway 
of  both  a  hand  and  a  die-forged  nozzle  port  flange.  The  tests  were  performed 
with  the  snap  ring  located  ail  the  way  into  the  groove  and  then  spaced  at 
0.075  and  0.150  in.  from  the  back  of  the  groove. 

The  stress  patterns  show  that  the  maximum  stress  condition  for 
both  the  hand-  and  die-forged  flanges  occurred  when  the  snap  ring  was  fully 
seated  in  the  snap  ring  groove;  also,  the  maximum  stress  was  substantially 
the  some  for  both  hand-  and  die -forged  flanges. * 


^Becker,  Hamilton  and  Kyle,  Photoelastic  Investigation  of  the  Stage  III 
Minuteman  Nozzle  Port  Flange,  Documents  No.  ARA  289-1,  ARA  289-2,  and 
ARA  289-3 
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4. 


Modified  Hydroproof  Closure 


Tests  indicated  that  at  any  given  pressure,  hydroproo'  closures 
produced  higher  stresses  in  a  nozzle  port  flange  than  the  flight  hardware. 
Therefore,  a  program  plan  (MTO- 162-236)  was  submitted  to  AFBSD/TRW  to  eval¬ 
uate  the  differences  between  the  strains  generated  by  existing  hydroproof 
closures  and  closures  simulating  nozzle  blast  tube  lip  thickness. 

The  original  hydroproof  nozzle  port  closures  have  a  lip  thickness 
dimension  of  0.150  to  0.153  in.,  whereas,  the  corresponding  dimension  for 
the  operational  nozzle  hardware  is  0.175  to  0.180  in.  Simulated  hydroproof 
loading  tests  shewed  that  a  change  in  closure -lip  thickness  had  a  marked 
effect  on  the  stresses  in  the  snap  ring  groove  area  of  a  nozzle  port  flange. 
The  purpose  of  these  tests  was,  therefore,  to  evaluate  and  compare  the 
stresses  on  a  nozzle-port  flange  during  actual  hydroproofing  with  the  stand¬ 
ard  hydroproof  closures  and  with  closures  modified  to  correspond  to  the 
operational  nozzle  hardware  dimensions.  (See  Figure  13.) 

From  the  available  cases  rejected  for  operational  use  because  of 
cracked  nozzle  port  flanges  discovered  after  hydroproofing,  four  cases,  S/N 
HP00408,  HP00442,  HP00433,  and  HP00436,  were  selected  for  these  tests.  Dye- 
penetrant  inspection  of  the  flanges  indicated  one  cracked  flange  per  case. 

Two  porta  on  each  case,  determined  by  dye-penetrant  inspection  to 
contain  uncracked  nozzle-port  flanges,  were  instrumented  as  shown  in  Figure 
14  .  Per  BSD  approval,  TWX  number  BSRKP-3/20811  dated  18  January  1965, 
additional  hydroproof  cycles  were  added  to  the  program  plan  to  test  the 
effect  of  the  turnbuckle  assembly,  P/N  7480,  on  flange  stresses. 

After  instrumentation,  the  cases  were  put  through  normal  hydro- 
proof  cycles  per  HPC- 133- 08-2-1.  The  configuration  for  each  test  run  is 
shown  In  Table  IV. 

In  tests  number  I  and  II,  the  modified  closures  were  used  for  the 
first  two  hydroproof  cycles  of  each  test.  The  recorded  strains  showed  excel¬ 
lent  repeatability  and  all  gages  returned  to  zero,  indicating  no  yielding  of 
the  flange.  The  standard  closures  were  then  installed  for  the  subsequent 
test  runs. 


After  run  number  3,  all  strain  gages  in  port  number  1,  test  number 
I  and  port  number  4,  test  number  II  did  not  return  to  zero  thus  indicating 
yielding  of  the  flange  in  some  area.  Dye-penetrant  inspection  of  nozzle 
port  flanges  in  these  two  ports  revealed  typical  snap-ring  groove  cracks. 

On  tests  number  III  and  IV,  the  closure  sequence  was  reversed  using 
the  standard  closure  for  the  first  cycle,  Inspection  of  the  instrumented 
flanges  after  the  first  run  showed  that  on  test  number  III  both  flanges  were 
cracked,  and  on  test  number  IV  one  flange  had  cracked  during  the  hydroproof 
cycle.  Two  ubsequent  runs  with  modified  closures  on  test  number  IV, 
however,  did  not  crack  the  nozzle-port  flange  that  survived  the  standard 
closure  run. 
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Hydrotest  Closure  Comparison 


LOCATION  C 
■LOCATION  D 
LOCATION  E 


TABLE  IV 


HYDROPROOF  MATRIX 


Case 

No. 

Test 

No. 

Run 

No. 

Configuration 

Standard 

Closures 

Standard 

W/Turnbuckles 

Modified 

Closures 

Modified  Closures 
W/Turnbuckles 

HP0Q4Q8 

I 

1 

X 

2 

X 

3 

X 

f 

4 

X 

HP00442 

II 

1 

X 

2 

X 

3 

X 

HP00433 

III 

1 

X 

2 

X 

3 

X 

HP00436 

IV 

1 

X 

2 

X 

3 

X 
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From  these  findings  alone,  it  could  be  concluded  that  standard 
closures  produce  the  more  severe  stresses  on  nozzle-port  flanges  during 
hydroproofing. 

The  strain  gage  data  also  show  that  flange  stresses  associated 
with  the  standard  closure  were  substantially  higher  than  those  associated 
with  the  modified  closure.  Gage  "A",  located  at  the  base  of  the  snap  ring 
groove  and  gage  "B",  located  on  the  back  side  of  the  flange  behind  the  snap¬ 
ring  groove,  are  the  most  significant  indicate  's  of  the  resultant  strains. 
Comparison  c2  the  strain  data  from  these  two  gages  shows  that  when  standard 
closures  were  used  the  recorded  strains  averaged  30  to  40  percent  hivher  than 
the  recorded  strains  for  the  modified  closures.  By  averaging  the  measured 
strains  tor  the  four  tests  and  converting  the  strain  to  stress,  using  the 
modulus  oi  elasticity  of  10.6  x  10^  psi  in  tension,  the  average  stress  at 
the  base  of  the  snap  ring  groove  during  hydroproofing  at  423  psi  was  36,000 
psi  with  the  standard  closure  and  24,600  psi  with  the  modified  closure. 

Maximum  measured  strain  with  a  standard  closure,  however,  was  0.0048  in./in. 
or  approx. nitely  52,000  psi  stress. 

By  comparing  this  maximum  calculated  stress  with  the  results  of  the 
simulated  h/droproof  tests,  where  failures  were  observed  as  low  as  30,000  psi, 
it  can  bu  concluded  that  under  certain  conditions  hydroproof  pressures  pro¬ 
duce  adequate  stresses  to  cause  flange  cracking;  these  conditions  being  a 
hand-forgec  flange,  minimum  radius  in  the  corners  of  the  snap-ring  groove, 
and  full  penetration  of  the  snap  ring  into  the  snap-ring  groove  during  hydro¬ 
proofing. 


Maximum  measured  strain  with  a  modified  closure  was  on?*'  0.0031 
ln^in.  or  approximately  33,000  psi  stress.  Therefore,  the  data  obtained  in 
these  Ctints  indicate  that  the  stresses  induced  during  hydroproofing  with 
modified  closures  would  be  only  66  percent  of  the  magnitude  required  to 
crack  a  sound  nozzle-port  flange. 

Metallurgical  examination  of  the  cracked  flanges  from  the  four 
test  cases  revealed  two  types  of  failure,  i.e.,  one  flange  showed  typical 
overs  tressed  tensile  fr-cture  only,  whereas,  the  other  four  flanges  showed 
both  stress -corrosion,  cracking  and  overstressed  tensile  cracking.  These 
findings  indicated  that  stress  corrosion  resulted  from  stresses  induced 
prior  to  hydroproofing,  thus  impairing  the  structural  integrity  of  the 
flange. 


The  use  of  the  turnbuckles,  P/N  7480,  had  little  effect  on  the 
measured  strain  when  used  with  either  the  standard  or  modified  closure.  It 
appears,  however,  that  there  was  a  slight  increase  in  the  flange  strains  in 
the  groove  ares  between  the  free  ends  of  the  snap  ring  when  turnbuckles  were 
used  with  the  modified  closures. 

Following  completion  of  the  hydroproof  closure  test  evaluation, 
Hercules  proc>  eded  to  qualify  the  modified  closures  for  production  use  in 
accordance  with  BSD's  TVX  number  BSRKP-3/20839,  March  1965.  In  compliance 
with  the  above  referenced  TWX,  use  of  the  modified  closures  on  U.  S.  Rubber 
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insulated  cases  was  qualified  on  case  S/N  HP00553,  "Hydroburat  QA  for  HP 
Sublot  18B".  (See  Hercules  message  reference  number  544/2/6-311  dated 
17  April  1965.) 

Qualification  testing  of  the  modified  cloture  for  ute  on  Goodyear 
insulated  cases  was  performed  on  case  S/N  HP00456,  "Hydroburst  QA  for  HP 
Sublet  22B",  A  summary  of  the  data  from  this  hydroburst  test  was  trans¬ 
mitted  to  BSD  (Hercules  message  reference  number  544/2/6-412  dated  14 
September  196))  requesting  concurrence  and  release  of  the  modified  closures 
for  hydroproofing  Goodyear  insulated  cases.  Final  approval  of  this  request 
was  granted  in  BSD's  TWX  number  BSRPQ-21969,  September  1965. 

5 .  Flange  Loads  in  Mold  Investigation 

The  objectives  of  this  investigation  were  to  establish  the  ultimate 
physical  capability  of  the  Goodyear  01A00480  nozzle-port  flange  and  to  iso¬ 
late  conditions  wliich  were  resulting  in  overstressing,  degradation,  or  failure 
of  the  flanges.  Flanges  obtained  from  various  manufacturing  steps  were  uti¬ 
lized  in  the  testing  and  analysis  to  determine  the  effect  of  forces  acting  on 
the  nozzle-port  flange  during  aft-dome  molding. 

Each  flange  used  in  the  tests  was  instrumented  with  strain  gages 
as  shown  in  Figure  15.  The  purpose  of  this  instrumentation  was  to  establish 
and  isolate  induced  stresses  produced  by  the  dome  molding  operation.  The 
test  fixture,  shown  in  Figure  16,  was  designed  to  simulate  actual  forces 
imposed  on  a  flange  during  the  molding  operation. 

In  order  to  establish  baseline  strain  data,  one  new  hand-forged 
Goodyear  flange  was  subjected  to  a  40,000  pound  load  test.  Flanges  from 
various  stages  of  the  Insulator  and  case  manufacturing  processes  (Tables  V 
and  VI)  were  then  subjected  to  the  same  load  test  for  comparative  purposes. 

The  results  showed  unexpectedly  wide  variations  in  strains. 

An  analysis  of  the  test  fixture  revealed  the  Devcon  support  ring 
(Figure  16)  had  been  molded  to  the  contour  of  the  Goodyear  control  flange 
(S/N  GY0192j),  and  the  resulting  mismatch  between  the  ring  and  the  other 
test  flanges  caused  areas  of  high  localized  stress, 

A  rerun  of  the  40,000  pound  comparative  load  tests,  using  a  Devcon 
support  ring  formed  to  each  flange  contour,  showed  the  maximum  strain  averaged 
for  both  sides  of  the  flange  to  be  nearly  equal  for  all  flanges,  indicating 
no  measurable  strength  degradation  of  the  flanges  tested  in  this  series. 

Further  analysis  of  the  mismatch  of  contours  between  the  support 
ring  and  flange  Indicated  that  similar  localized  stress  areas  would  be  pro¬ 
duced  during  actual  insulator  dome  melding  if  there  was  a  mismjtch  between 
flange  and  mold  contours. 
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Figure  15.  Strain  Gage  Location,  Molding  Effect  Test 
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MOLDING  EFFECT  TEST  MATRIX 


n.c  K&D  S-20  configuration  flange  has  more  base  metal  in  the  area  where  cracking  occurs  than  the  operational  flange. 
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MOLDING  EFFECT  TEST  MATRIX 
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HOLDING  EFFECT  TEST  DATA 
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mechanical  failure 


Figure  16.  Molding  Effect  Test  Configuration 


Additional  testing  of  this  mismatch,  or  gap  effect,  showed  a  marked 
increase  in  strain  as  the  gap  increases.  For  example,  on  a  new  hand  forged 
flange,  S/N  GY01940,  the  strain  increased  approximately  0.002  in/in,  for  each 
0,010  In.  increase  in  gap  between  the  flange  and  support  ring  contours. 

Failure  load  tests  of  various  flanges  are  shown  in  Table  VI.  The 
failure  of  S/N  GY01929  at  a  strain  gage  reading  of  just  over  0.002  in/in,  is 
very  revealing  when  compared  with  the  0.0016  in/in.  failure  strain  of  S/N 
GY026Q1.  Inspection  data  revealed  a  significant  difference  in  the  snap-ring 
groove  corner  radius  of  the  two  flanges.  From  these  observations,  it  was  con¬ 
cluded  that  a  change  in  corner  radius  from  0.004  in.  to  0.010  in.  results  in 
a  25  percent  increase  in  a  flange's  ability  to  withstand  mold  load  forces. 

The  effect  of  the  Goodyear  cooling-plug  spread  shims  also  warranted 
investigation  as  part  of  the  simulated  molding  tests.  During  dome  insulator 
molding  and  subsequent  cooldown,  Goodyear  uses  flange  inserts  (called  cooling 
plugs)  to  maintain  flange  concentricity.  The  cooling  plugs  have  spreader 
shims  at  the  keyway  and  180  degree  area  (Figure  17)  that  could  result  in  an 
interference  fit  of  up  to  0.025  in.  Therefore,  tests  designed  to  simulate 
the  cooling-plug  conditions  were  run  and  the  data  showed  the  only  effect  was 
local  prestressing  adjacent  to  the  contact  area  during  plug  insertion.  Once 
the  prestress  forces  were  exceeded  by  the  simulated  mold  load  forces,  the 
cooling-plug  effect  was  no  longer  measurable. 

6.  Flange  Segment  Bending  Studies 

Half- inch  wide  segments  from  a  new  Goodyear  hand-forged  flange,  S/N 
GY01971,  a  Goodyear  hand- forged  flange,  S/N  GY02630,  obtained  from  a  rejected 
insulator,  end  a  new  U.  S.  Rubber  die-forged  flange,  S/N  US00258,  were  tested. 
(A  used  Goodyear  flange  from  a  hydroproofed  case  was  not  available  for  these 
tests,  so  the  U,  S.  Rubber  flange  was  used  for  comparative  purposes.)  Prior 
to  any  segment  testing,  esch  specimen  was  dye-penetrant  inspected,  metallur- 
gically  polished,  etched,  and  examined  to  determine  if  the  grain  structure  of 
the  material  from  the  used  flanges  would  reveal  any  indication  of  prestressing 
resulting  from  dome  molding,  case  winding,  and/or  hydroproofing. 

After  completion  of  the  metallurgical  examination,  each  segment  was 
loaded  to  failure  in  accordance  with  the  clamped  test  configuration  (simu¬ 
lating  dome  mo'ding)  shown  in  Figure  18.  In  addition,  half-inch  wide  segments 
from  the  flanges  used  in  the  tests  above,  were  loaded  to  failure  in  accordance 
with  the  test  configuration  shown  in  Figure  19.  This  test  configuration  gave 
comparative  data  of  unclamped  flange  segments  subjected  to  the  same  loads. 

a.  Clamped  Configuration  (Simulated  Dome  Molding) 

A  total  of  six  (6)  tests  were  conducted  in  this  series  of  tests. 
Each  segment  was  instrumented  with  a  Budd  Type  C6-141  strain  gage  in  the  area 
shown  as  S,6  in  Figure  18.  Two  leaf- type  def lec tometers  (Figure  20)  were 
used  to  measure  the  deflection  resulting  from  the  load,  4F,  applied  at  a  con¬ 
stant  rate  of  5000  Ib/minute. 
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Cooling  Plug 

Figure  17.  Cooling  Plug  with  Shims 


SEGMENT  BENDING  CONFIGURATION 


Figure  18.  Segment  Bending  Configuration,  Clamped  Condition 
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Figure  19.  Segment  Bending  Configuration,  L...  lamped  Condition 
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Figure  20.  Leaf  Type  Deflectometer 


Table  VII  contains  the  load  test  data  and  shows  the  compara¬ 
tive  strength  of  segments  from  a  new  Goodyear  hand-forged  flange,  S/N  GY01 97 1 , 
a  Goodyear  hand-forgad  flange,  S/N  GY0263G,  obtained  from  a  rejected  insulator, 
and  a  new  U.  S,  Rubber  die-forged  flange,  S/N  US00258. 

Analysis  of  the  comparative  data  indicates  that  the  specimen 
used  for  test  run  number  28  had  been  overstressed  during  the  molding  operation 
at  Goodyear.  Although  the  dye-penetrant  inspection  did  not  indicate  any 
cracks  in  the  flange  prior  to  testing,  metallurgical  examination  of  the  failed 
test  specimen  showed  the  dye  had  penetrated  two  minute  cracks  having  dimen¬ 
sions  approximately  0.080  in.  to  0.100  in.  long  by  0,050  in.  deep.  Another 
specimen  from  the  same  flange  did  not  shc/w  any  evidence  of  cracking  and  the 
failure  load  was  comparable  to  those  measured  on  the  new  Goodyear  flange. 

Both  segments  taken  from  U.  S.  Rubber  die  forged -flanges  ex¬ 
hibited  significantly  greater  strength.  Furthermore,  the  plane  of  failure  of 
the  Goodyear  segments  was  typical  of  the  failures  observed  in  all  cracked 
nozzle  port  flanges;  the  segments  from  the  U.  S.  Rubber  flanges  failed  in  a 
plane  parallel  to  the  load. 

b.  Segment  Tests  -  Unclamped  Condition 

Half- inch  wide  segments  from  the  same  flanges  used  in  the  pre¬ 
ceding  tests  were  tested  using  the  configuration  shown  in  Figure  19.  The 
only  difference  from  the  teats  described  above  was  the  removal  of  the  clamping 
fixture  in  order  to  test  the  beam  strength  of  the  segments. 

Results  of  these  tests,  Table  VIII,  show  that  the  beam 
strength  of  a  new  Goodyear  hand-forged  flange  Is  approximately  equal  to  the 
strength  of  a  U.  S.  Rubber  flange.  Metallurgical  examination  of  the  failed 
Goodyear  segment  obtained  from  a  rejected  insulator  Indicated  the  presence  of 
a  minute  crack  prior  to  testing.  Using  the  failure  stress  load  of  the  new 
(unmolded)  Goodyear  flange  as  base  line,  the  strength  of  the  flange,  appar¬ 
ently  overstresaed  during  dome  molding,  was  reduced  approximately  35  percent. 

D.  METALLURGICAL  ANALYSIS 

Studies  were  initiated  to  establish  physical  properties,  metallurgical 
structures,  and  mode  of  failure  of  the  cracked  flanges.  Comparative  studies 
of  the  physical  and  metallurgical  properties  of  flanges  fabricated  from  hand- 
forged  and  die -forged  billets  were  also  conducted  to  determine  if  the  use  of 
die  forgings  would  help  alleviate  the  flange  cracking  problem. 

1 .  Chemical  and  Physical  Analyses 

Chemical  and  physical  properties  were  obtained  from  representative 
samples  of  Kaissr  flanges  and  forgings.  All  physical  properties  of  the  rep¬ 
resentative  samples  tested  were  as  specified  for  aluminum  alloy  2014- T652  in 
QQ-A-367,  and  none  of  the  specimens  tested  had  phyaical  properties  less  than 
specified  minimum  requirements.  Except  for  six  minor  variations  in  silicon 
content,  ell  chemical  teats  met  QQ-A-367  requirement* .  A*  X-riy  fluoroscopy 
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TABLE  VII 


DATA  FROM  SEGMENT  BENDING  TESTS 
CLAMPED  CONDITION 


Run 

No. 

Flange 

Measurements  at  : 

Failure 

Stress 

(Calc.) 

pai 

Stress 

Concentration 

Factor 

8  Max/8 

S/N 

Section 
Length  (in.) 

lf 

(lb) 

81 

(In.) 

82 

(in.) 

S.G. 

(in. /in.) 

24 

GY01971 

0.468 

1370 

0.008 

0.028 

N/A 

7,730 

8.0 

25 

GY01971 

0.4785 

1870 

0.010 

0.037 

0.0062 

10,620 

5.8 

28 

GY02630 

0.490 

1140 

0.007 

0.022 

0.0040 

6,230 

9.9 

29 

GY02630 

0.496 

1400 

0.006 

0.021 

0.0051 

8,190 

7.6 

31 

US 002 58 

0.489 

2590 

0.006 

0.104 

0.0035 

11,670 

-- 

32 

US00258 

0.4325 

2110 

0.007 

0.100 

0.0050 

11,000 

-- 

TABLE  VIII 

DATA  FROM  SEGMENT  BENDING  TESTS 
UNCLAMPED  CONDITION 


Test 

Run  No. 

Flange 

Measurements  at  Failure 

Stress 

(Calc.)  psi 

Section 
Length  (in.) 

msm 

m 

8i 

(in.) 

82 

(in.) 

S.G. 

(in. /in.) 

26 

GY01971 

0.468 

1150 

0.011 

0.022 

0.0059 

106,700 

27 

GY02620 

0.487 

810 

0.0045 

0.018 

0.0043 

70,100 

30 

US00258 

0.5595 

1695 

C.0055 

0.041 

0.0068 

104,700 
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was  used  for  ...ost  of  the  chemical  analysis,  the  excess  silicon  found  in  the 
above  samples  was  probably  caused  by  minute  quantities  of  grinding  media 
left  on  the  surface  of  the  samples  during  sample  preparation. 

2 .  Metallurgical  Analyses 

a.  Hand  Forgings  -  Macro  and  Microstructures 

Micro  examinations  show  the  failures  were  alv'ays  associated 
with  the  forward  0.005  in.  maximum  snap-ring  groove  radius.  The  fractures 
appeared  to  have  initiated  at  the  kevway  or  180  degrees  from  the  keyway  and 
usually  extended  from  three  to  five  inches  circumferentially  on  both  sides 
of  the  initiation  point.  (See  Figures  21,  22,  23,  24,  il,  and  26.) 

In  the  early  stages  of  the  program,  studies  were  made  to  estab¬ 
lish  the  met' llurgical  structures  of  the  flanges  of  typical  hand  forgings 
(Figure  27).  For  control  purposes,  specimens  were  prepared  from  heat  treated 
hand  forgings  processed  through  buc  not  beyond  the  flange  machining  operation. 

Figure  28  shows  the  typical  macrostructure  of  a  control  flange 
sectioned  through  the  zone  where  cracking  normally  occurs.  The  elongated 
grain  structure,  varying  in  size  across  the  section,  is  typical  of  the  hand 
forging  process  uied  in  the  production  of  these  flanges.  A  comparison  of  the 
macro  and  microstructures  of  cracked  flanges,  from  various  stages  in  the  manu¬ 
facturing  process,  with  those  of  the  control  flanges  did  not  reveal  any  sig¬ 
nificant  difference. 

Further  raetallographic  studies  showed  that  the  Minuteman 
third-stage  nozzle-port  flanges  m9de  from  Kaiser  hand  forgings  when  machined 
result  in  a  poor  configuration  for  resistance  to  stresses  applied  normal  to 
the  snap-ring  groove  surfaces  because  of  the  grain  flow.  This  flow  is 
parallel  to  the  upper  and  lower  surfaces  of  the  snap -ring  groove.  Further¬ 
more,  the  tranaverse  (weakest)  direction  is  normal  to  the  direction  of  the 
grain  f iow.  During  dome  molding  and  case  hydroproofing,  the  direction  of 
maximum  8tress  applied  to  the  snap-ring  groove  is  also  normal  to  the 
direction  of  the  grain  flow.  This  results  in  the  maximum  applied  external 
stresses  paralleling  the  direction  in  which  the  part  is  weakest.  In  this 
type  of  flange,  the  elongated  grains  developed  by  the  hand  forging  process 
terminate  in  the  bottom  of  the  snap-ring  groove.  With  this  condition,  a 
maximum  number  of  grains  are  exposed  endwise  in  the  area  of  the  forging 
where  internal  tensile  stress  is  at  its  greatest.  (See  Figure  26.) 

In  any  biscuit  forging,  such  as  those  used  in  the  nozzle-pert 
flange,  the  forging  is  under  internal  compressive  stress  inwardly  from  the 
edges  to  about  10  percent  of  the  width  of  the  cross  section.  The  remaining 
erea  of  the  cross  section  is  under  internal  tensile  stress  with  a  maximum 
value  at  the  center  of  the  forging.  The  snap-ring  groove  in  Kaiser's  hand 
forgings  are  machined  into  the  center  of  the  billet;  this  exposes  the  region 
of  highest  internal  tensile  stress  to  whatever  external  environment  is  present. 
In  summary,  the  snap-ring  groove  area  in  a  Keiser  hand  forging  is  the  region 
of  greatest  contained  internal  tensile  stresses  and  is  weakest  in  the  direc¬ 
tion  of  highest  external  stresses. 
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No  failure  occurred  in  adapter  GY  027828 
removed  from  insulator  RP-13,  Port  No.  4 

Figure  21.  Unfractured  Adapter  (1/5  actual  size) 


Polished,  etched  cross  section  of  specimen 
taken  180°  from  adapter  keyway.  Arrow  points 
to  point  of  origin  of  fracture. 


Figure  22.  Typical  Failure  Specimen  (Adapter  GY  02643,  lr-l/5  actual  size) 
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Shown  (approximately  1/5  actual  size)  is  adapter  GY  02508 
from  Case  HP  00429,  Nozzle  Port  3.  The  original  failure 
extended  from  (1)  to  (l1)  on  the  figure.  The  bright  edge 
indicated  by  arrow  (2)  is  where  shear  failure  occurred 
when  the  fracture  was  mechanically  exposed  for  surface 
examination.  Arrows  (3)  point  to  small  shiny,  irregular 
areas  extending  into  the  failure  surface  from  the  inside 
edge  of  the  snap-ring  groove.  These  are  indications  of 
stress  corrosion  cracking.  The  fracture  orginated  in  these 
areas. 

Figure  23.  Flange-Failure  Sample 


Fketch  showing  gonor.l  orl.nt.Uon  .n«  l.ngth  of  «.ck 
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This  is  a  photomicrograph  (133X  magnification)  of  a  polished, 
etched,  cross  section  taken  from  cracked  adapter  GY  02586.  Re¬ 
moved  from  case  HP  00446  Nozzle  Port  3.  Hand  forging  from  the 
Kaiser  Aluminum  Company. 

Legend 

1-  Inboard,  interior  radius  of  the  snap-ring  groove 

2-  Large  grain  which  has  failed  intergranularly 

3-  Snap-ring  groove  area.  Note  how  grain  flow  term¬ 
inates  at  a  90°  angle  to  the  bottom  surface  of 
snap-ring  groove 


Figure  26.  Photomicrograph  of  Cracked  Flange 


Reduced  to  2/3  Actual  Size 


This  photomacrograph  shows  the  typical  grain  flow  configuration  of  a 
Kaiser  hand-forged  billet.  The  grain  size  is  quite  large  in  some  regions 
of  this  forging  (Note  Point  A) . 


Figure  27.  Orain  Flow  Lines  in  Kaiser  Hand-Forged  Billet 
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Mag.  16  Diameters 


Section  of  fracture  surface  taken  from  cracked  aluminum  alloy  (2014- 
T652)  adapter  GY  02508.  The  adapter  was  installed  in  Case  HP  00429,  Nozzle 
Port  3. 

Region  (A)  shows  a  structure  typical  of  a  stress  corrosion  cracking 
fracture  surface. 

Region  (B)  shows  a  structure  typical  of  an  overstressed  tensile 
fracture  surface. 

Region  (C)  is  an  area  of  shear  failure  created  when  the  fracture  was 
mechanically  opened  for  surface  examination, 

The  part  is  a  hand  forging  manufactured  by  Kaiser  Aluminum  Company. 


Figure  28.  Fracture  Surface 
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b.  Crack  Path  and  Characteristics 

On  the  majority  of  specimens  prepared  to  determine  and  estab¬ 
lish  identifying  characteristics  of  the  cracks  developed  in  the  flanges,  the 
following  fracture  surface  characteristics  were  observed: 

(1)  A  shiny,  flaky  area  was  usually  visible,  without  magni¬ 
fication,  at  the  point  of  crack  initiation. 


(2)  Using  a  stereomicroscope  at  low  magnification  (10  to  20 

*  power),  the  fracture  surface  ac  point  of  initiation  had  a 

woody  appearance.  This  woody  appearance  was  present  on 
some  specimens  even  though  the  shiny,  flaky  structure  was 
not  visible.  (See  Figure  28.) 

(3)  Examination  of  the  fracture  surface  with  a  light  metalio- 
graph  at  1500-2000  magnification,  using  an  oil  immersion 

and  focusing  up  and  down  over  the  fracture  surface, 
a  planar  crystalline  structure  was  observed.  It  was  also 
observed  that  the  crystal  planes  usually  intersected  one 
another  at  approximately  120  degree  angles. 

Because  of  Che  difficulty  encountered  Ir.  making  detailed 
studies  and  the  impossibility  of  making  photomicrographs 
by  this  method,  Hercules  obtained  the  services  cf  an 
Electron  Microscope  at  Hill  Air  force  Base.  Figures  29 
and  30  show  typical  planar  crystalline  surfaces  with 
grain  intersections  at  approximately  120  degree  angles. 
Some  corrosion  products  could  also  be  seen  on  the  planar 
surfaces  as  well  as  the  intergranular  crack  path. 

The  establishment  of  the  above  listed  characteristics  as  typi¬ 
cal  of  stress  corrosion  fractures  is  rather  recent  and  is  best  illustrated  and 
described  in  the  Electron  Fractography  Handbook  ML-TR-64-416,  1965  Edition. 

Beyond  the  initial  stage  of  fracture,  the  surface  characteris¬ 
tics  of  the  cracks  were  typical  of  an  overstressed  tensile  failure  with  a 
transition  sone  between  the  stress  corrosion  fracture  area  and  the  tensile 
overstress  fracture  area.  (See  Figures  28,  30,  and  31.) 

On  those  specimens  that  did  not  evidence  stress  corrosion 
characteristics  at  the  point  of  initiation,  the  entire  fracture  surface  ex¬ 
hibited  typical  ductile  tensile  failure  characteristics. 

Classification  of  the  two  types  of  failure  (stress  corrosion 
at  initiation  point  then  ductile  tensile  failure  or  ductile  tensile  failure 
only)  revealed  that  all  specimens  taken  from  cracked  flanges  discovered  at 
post-hydroproof  exhibited  strees  corrosion  characteristics,  and  specimens 
taken  from  cracked  flanges  discovered  after  dome  molding  or  after  case  hydro- 
burst  exhibited  either  type  of  failure. 
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Mag.  3000X 


This  is  a  classical  example  of  stress  corrosion  cracking  oi.  the 
fracture  surface  of  aluminum  alloys.  Note  flat  planar  structure  with 
grain  intersections  approximating  120°. 

This  photomicrograph  was  taken  with  the  electron  microscope  at 
Hill  Air  Force  Base. 


Figure  29.  Typical  Corrosion  Fracture 


Figure  30.  Fracture  Surface  Transition  Zone 


Mag.  4200X 


Flange  GY  02643  Removed  from  Goodyear  Insulator  Serial  No.  573 

This  electron  microscope  photomicrograph  shows  a  transition  zone 
between  a  stress  corrosion  crack  fracture  area  and  a  tensile  overstress 
(dimpled)  fracture  area  . 

C  is  tensile  overstress. 


D  is  stress  corrosion  crack  area.  Note  planar  structure  and  120° 
angles  between  crystal  surfaces. 
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Mag.  3000X 


This  electron  microscope  photomicrograph  shows  the  typical  dimpled 
fracture  surface  of  an  overstress  tensile  failure. 

As  shown  in  Figure  29  stress  corrosion  cracking  was  present  in  other 
areas  of  the  same  flange. 


Figure  31.  Typical  Tensile  Fracture 


Mode  of  Failure 


c . 


From  the  above  finding,  it  was  concluded  chat  the  initiating 
cause  of  nozzle-port  flange  failures,  observed  after  dome  molding  and  after 
case  hydroproofing,  was  overstressing  of  the  flange  during  dome  molding.  The 
degree  of  stressing  depended  on  variables  within  the  molding  process  and  re¬ 
sulted  in  tensile  failure  of  the  flanges  during  molding  or  stressing  of  the 

flange  to  the  point  where  it  became  susceptible  to  stress  corrosion. 

(1)  Residual  Stress  Determination 

Several  tests  were  run  in  an  effort  to  establish  a  method 
of  determining  residual  stress  level  existing  in  a  flange  at  the  various 
stages  of  production.  At  first,  it  appeared  that  the  use  of  liquid  mercury, 
in  the  presence  of  a  saturated  aqueous  solution  of  mercuric  chloride,  could 
be  used  an  an  indicator  of  residual  tensile  stress  levels  in  the  area  of  the 
snap  ring  groove.  Analyses  of  the  tests  showed  that  some  of  the  specimens 
exhibited  evidence  c*  severe  pitting  only  on  the  exposed  surfaces  while 
others  exhibited  severe  pitting  plus  intergranular  cracking  caused  by  grain 
boundary  penetration  of  the  liquid  mercury.  From  these  results,  it  could  be 
concluded  that  the  mercuric  chloride  test  did  indicate  the  presence  of  a 
tensile  stress  if  that  stress  had  a  value  equal  to“  or  greater  than  a  certain 
"threshold  stress".  However,  the  specific  "threshold  stress"  value  could  not 
be  established  and  mercuric  chloride  could  not  be  used  as  a  valid  test  for 
establishing  stress  levels. 

As  part  of  the  photoelastic  study,  Allied  Research 
Associates  performed  an  independent  metallurgical  study  of  the  nozzle  port 
cracking  problem  and  reported  findings  substantiating  Hercules'  findings 
described  above. 

(2)  Anodic  Coating 

>  • 

As  specified  by  drawing  01A00480,  the  entire  bore  surface 
of  the  nozzle  port  flange  was  hard  anodized  per  Specification  HPC- 133- 02-4-8 , 
whereas  all  other  surfaces  are  chemical  conversion  coated  (alodined)  in  accord¬ 
ance  with  Specification  HPC- 133- 02-4-1. 

Microexamination  of  flanges  in  the  snap-ring  groove  (bore) 
area  revealed  that  the  anodized  layer  often  contained  defects  which  could  be 
associated  with  the  overall  cracking  problem.  Typical  examples  of  such  de¬ 
fects,  which  include  cracking  at  corners  of  the  anodized  layer,  thinning  of 
anodized  layer  in  the  snap-ring  groove  radii  and  porosity  within  the  anodized 
layer,  are  shown  in  Figure  32.  Figure  32  also  shows  a  typical  anodized  layer 
containing  a  crack  which  continues  into  the  metal  flange  as  well  as  several 
other  surface  cracks  in  the  immediate  vicinity. 


^Becker,  Hamilton  and  Kyle,  Photoelastic  Investigation  of  the  Stage  III 
Minuteman  Nozzle  Port  Flange,  Documents  No.  ARA  289-1,  ARA  289-2,  and 
ARA  289-3 
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'rfhen  related  to  the  overall  cracking  problem,  these  de¬ 
fects  in  the  surface  coating  would  not  only  act  as  stress  risers  but  they 
would  also  expose  base  metal  that  was  susceptible  to  stress  corrosion.  Since 
part  of  the  flange  was  already  protected  with  a  more  ductile  coating  which 
did  not  exhibit  the  undesirable  characteristics  of  the  brittle  anodized  coat¬ 
ing,  it  was  recommended  that  the  chemical  conversion  coating  be  used  on  t  .< 
snap-ring  groove  area  instead  of  the  hard  anodized  coating.  See  ECP-WS- 13oB- 
HP~  B116- 1R1  and  2R1. 


(3)  Die  Forgings 


! 


Metallurgical  examination  of  Kaiser's  die  forgings  and 
Minuteman  third  stage  nozzle-port  flanges  machined  from  Kaiser's  die  forgings 
revealed  a  structure  quite  different  from  that  of  a  hand-forged  component. 
Figure  33  shews  typical  macrostructures  of  a  flange  machined  from  a  Kaiser 
die  forging  and  a  flange  machined  from  a  Kaiser  hand  forging.  Both  samples 
were  sectioned  through  the  zone  where  cracking  normally  occurred. 


From  the  above  referenced  photomacrographs,  it  can  be 
seen  that  the  grain  flow  is  nearly  perpendicular  to  the  upper  and  lower  sur¬ 
faces  of  the  snap  ring  groove,  Examination  of  the  die-forged  microstructure 
also  showed  that  a  minimum  number  of  grains  terminate  in  Che  bottom  of  the 
snap-ring  groove. 


A  comparison  of  the  metallurgical  structures  of  typical 
flanges  machined  from  Kaiser's  forgings  showed  that  Che  use  of  die  forgings 
would  minimize  the  undesirable  characteristics  of  the  hand  forging  previously 
discussed  in  Section  2. a. 

3.  Conclusions 


The  principal  fee. tor  leading  to  cracking  of  a  ha.»d-forged  nozzle  - 
port  flange  was  overs  tress ing  of  the  flange  during  aft  dome  molding.  The 
degree  of  stressing  depended  on  variables  within  the  molding  process  and 
resulted  in:  (1)  tensile  failure  of  the  flange  during  molding,  or  (2) 
stress. Lug  of  the  flange  to  the  point  where  it  became  susceptible  to  stress 
corrosion,  or  (3)  acceptable  flanges- 

Although  the  exact  conditions  (corrosion  environments,  stress  levels, 
etc.)  necessary  to  promote  stress  corrosion  cracking  were  not  identified  in 
chis  study,  it  could  be  concluded  that  the  initiating  cause  of  flange  crack¬ 
ing  observed  after  hydroproofing  was  overstressing  at  the  fl&nge  during  dome 
molding,  i.e.,  during  dome  molding  the  flange  had  been  stressed  to  the  point 
where  It  became  susceptible  to  stress  corrosion.  Stress  corrosion  had  then 
proceeded  sufficiently  to  weaker,  the  flange  thus  causing  failure  during 
hydrorroof ing . 
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To  increase  the  flange's  ability  to  withstand  the  stresses  induced 
during  done  molding,  it  recommended  that: 

a.  Flanges  used  at  Goodyear  Tire  and  Rubber  Companv  be  machined 
from  Kaiser’s  die  fcrgir.gs  tat  her  than  hand  forgings. 

b.  A  chemical  conversion  coating  be  used  on  the  map-ring  groove 
area  instead  of  the  hard  anodizing  treatment, 

E.  CONCLUSIONS 

The  investigative  eff.rts  led  to  the  following  conclusions: 

1.  The  f  ange-cracking  problem  could  not  be  correlated  to  a  particular 
flange  heat  lot  or  specific  material  discrepancy. 

2.  The  flange -cracking  problem  could  not  be  correlated  to  the  nozzle 
port  machining  process. 

3.  Case  winding  and  machining  qk  ot  contribute  to  the  nozzle-port 
cracking  problem. 

The  Goodyear  method  of  d.  termining  ..he  amount  of  rubber  to  be  In¬ 
serted  into  the  mold  v?aa  inaccurate  and  allowed  a  volume  deficiency 
of  up  to  72  cubic  inches. 

5.  The  direns.o  al  analysis  shaved  a  possible  contour  mismatch  between 
the  notzie-pc'' t  f  .ang°  and  the  aft-dome  mold  of  up  to  0.046  in. 

6.  S  true  turn  1  integrity  of  the  esse  ia  not:  impaired  by  a  cracked  nozzle 

por t  tie  i;?c  . 

?.  Firing  pressures  jc  not  produce  sufficient  stresses  to  crack  a 
nozzls-p? rt  flange  that  has  withstood  hvdropjroof  ing , 

8.  The  position  of  the  snap  ring  can  have  a  minor  effect  on  the  flange 
during  hydropreof, 

9,  Standard  hydropreof  closures  product  more  severe  stresses  on  nozzle 
port  flanges  than  modified  hydroproof  closures, 

IG.  A  change  in  the  snap-ring  groove  corner  radius  from  0,004  to  0.010  i 
results  in  a  25  percent  increase  in  ability  of  a  flange  to  with¬ 
stand  mold  lead  forces, 

11.  Fl«.iges  machined  from  die  forgings  aie  stronger  than  the  hand-forged 
flanges  in  the  snap -ring  groove. 

12.  The  alodine  in  the  snap- ring  groove  improves  the  resistance  of  the 
groove  to  environmental  exposures. 
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13.  The  principal  factor  leading  tc  cracking  of  hand-fcrged  nozzle  port 
flanges  was  overstressing  of  the  flange  during  aft-dome  molding. 

14.  Variables  within  the  accepted  procedures  for  aft-dome  molding  at 
Goodyear  produced  three  flange  conditions: 

a.  Flange  tensile  failure  during  molding. 

b.  Stressing  the  flange  to  the  point  where  if  became  susceptible 
to  stress  corrosion. 

c.  Acceptable  flanges. 

F.  RECOMMENDATIONS 

As  a  result  of  the  foregoing  conclusions  drawn  from  the  investigative 
efforts,  the  following  actions  ware  recommended: 

1.  Increase  the  radii  of  the  nozzle-port  flange  snap-ring  groove. 

2.  Replace  hard  anodizing  treatment  of  snap -ring  groove  orea  of 
the  nozzle  port  flange  with  a  chemical  conversion  coating. 

3.  Use  of  die  forgings  racher  than  hand  forgings. 

4.  Correct  molding  conditions  at  Goodyear  which  cause  overstressing 
of  nozzle  port  flanges. 
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SECTION  III 


FLANGE  MODIFICATION  TESTING 


Recommended  modifications  to  the  no2zle-port  flange  were  incorporated 
into  hardware  and  tested  as  described  below. 

A.  PROPOSED  MODIFICATIONS 

All  production  Goodyear  nozzle-port  flcnges  were  machined  per 
drawing  01A00480  from  2014- T652  hand -forged  aluminum-alloy  billets.  Results 
of  the  metallurgical  and  simulated  molding  tests  showed  that  three  modifica¬ 
tions  of  the  flange  would  be  required  to  eliminate  the  cracking  problem. 

These  are:  (1)  use  die  forgings  rather  than  hand  forgings  for  making  the 
aluminum  flanges;  (2)  increase  the  radii  in  the  corners  of  th  snap-ring 
groove;  and  (3)  use  chemical  conversion  coating  on  the  snap -ring  groove  sur¬ 
face  instead  of  the  hard  anodizirg  treatment. 

B.  FOUR  FLANGE  TEST 

Four  die  forgings  were  randomly  selected  from  the  stock  on  hand  at 
Goodyear  to  determine  whether  the  metallurgical  flow  line  configuration  within 
the  die -forged  flange  was  improved  compared  to  the  flow  line  configuration  of 
the  hand -forged  flange  and  to  assure  compliance  of  the  forgings  to  chemical 
and  physical  requirements.  The  forgings  met  both  the  chemical  and  physical 
specifications  described  in  QQ-A-367  (Table  IX).  The  flow-line  characteristics 
of  the  forgings  were  oriented  perpendicular  rath;r  than  parallel  to  the  top  and 
bottom  edge  of  the  nozzle  port  flange  enap-ring  groove  (cracking  zone).  Com¬ 
parative  flow-line  orientation  for  flanges  machined  from  the  two  types  of 
forgings  is  shown  in  Figure  33.  The  reorientation  of  the  flow  lines  as  seen 
in  the  die  forging  definitely  improves  the  capability  of  the  flange  to  with¬ 
stand  loads  imposed  upon  the  snap-ring  groove. 

C.  SIX  FLANGE  TEST 

Six  flanges,  machined  from  die  forgings,  were  tested  to  evaluate 
suggested  design  modifications.  The  six  flanges  were  manufactured  to  the 
01A00480  drawing  configuration  with  the  following  modifications. 

l*  Mil 

All  six  flanges  were  fabricated  with  an  increased  radius  in  the 
snap-ring  groove.  The  forward  radius  was  0.040  +  GOIO  in.  and  the  aft  radius 
was  .025  +  .005  in, 

2.  Snap-Ring  Groove  Surface  Preparation 

The  flanges  were  coated  for  protection  as  follows; 

a.  IVo  flengea,  l,  N  GY02711  and  GY02717,  had  hard  anodize 
applied  ss  specified  in  the  drawing. 
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Top  photomacrogi  ph  shows  typical  grain  flow  lines  of  a  Goodyear 
adapter  machined  from  a  Kaiser  hand- forged  billet  (type  in  which 
fracture  has  occurred). 

Bottom  photomacograph  shows  typical  grain  flow  line  configuration 
of  an  adapter  machined  from  a  Kaiser  die  forging. 


Figure  33.  Tvpical  Forging  Flow  Lines 
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b.  Two  flanges,  S/N  GY02744  and  GY02745,  had  no  coating 
top lied. 

c.  TVc  flanges,  t/ei  i»Y02747  and  CY02748,  had  hard  anodize 
applied  to  all  diameters  except  the  snapping  groove 
which  was  chemical  conversion  coated. 

3.  Flange  Chemical  and  Physical  Test  Data 

The  chemical  and  physical  results  are  listed  in  Table  X  and 
the  typical  flow  line  configuration  is  depicted  in  Figure  33.  The  results 
of  these  investigations  were: 

a.  All  flanges  met  the  chemical  and  physical  properties  as 
specified  in  QQ-A-367.  (See  Table  X.) 

b.  Mercuric  chloride  treatment  of  the  flanges  showed  no  evi¬ 
dence  of  residual  stresses  in  the  snap-ring  groove. 

c.  Metallurgical  examinations  sho  id  the  anodizing  coat 
to  be  porous  and  brittle  and  therefore,  susceptible  to 
cracking.  Such  cracking  creates  stress  risers  and  also 
allows  exposure  of  the  aluminum  surface  to  environmental 
conditions  conducive  to  corrosion. 

d.  The  combined  results  of  changing  from  hand  to  die  forging 
and  increasing  the  snap-ring  groove  radii  from  0.005  in. 
maximum  to  0.040  in.  for  the  forward  radtue  and  0.025  in. 
for  the  aft  raaiua,  increased  the  ultimate  strength  of  the 
flange  from  78,200  psl  to  90,700  pel. 

e.  Macrographic  study  of  flanges  machined  from  die  forgings 
indicated  that  the  flow  lines  ware  oriented  nearly 
perpendicular  rather  than  parallel  to  the  snap-ring 
groove  as  in  hand  forgings,  (See  Figure  33.)  Perpen¬ 
dicular  orientation  of  flow  lines  increases  a  flange'* 
capability  to  withstand  stresses  applied  normal  to  the 
snap-ring  &  'ova  surfaces. 

4.  Flange  Changes 

At  the  conclusion  of  the  evaluation,  Engineering  Change  Pro¬ 
posal*  (ECP'«)  WS-133B-HP-B116-1R1  and  2R1  were  prepared  and  submitted  to 
Minuteman  Configuration  Control  Board  (CCB)  for  approval.  Following  is  a 
description  of  the  changes  proposed  : 


^Becker,  Hamilton  and  Kyle,  "Photoelastic  Investigation  of  the  Stage  III 
Minuteman  Nossle  Port  Flange",  Documents  No.  ARA  289-1,  ARA  289-2,  and 
ARA  289-3 


3-4 


CAL  AND  PHYSICAL  TEST  DATA 


a.  Incorporate  a  new  forging  drawing  that  specifies  the  usage 
of  the  die-forging  process  for  the  manufacture  of  nozzle 
port  flanges  to  be  used  in  insulators  made  at  Goodyear 
Tire  and  Rubber  Company. 

b.  Increase  the  radii  of  the  inside  corners  of  the  nozzle 
snap  ring  groove  from  0.005  in.  maximum  forward  and  aft  to 
0.040  +  0.010  in.  forward  and  0.025  +  0.005  in.  aft. 

c.  Change  from  hard  anodizing  of  the  surfaces  of  the  snap 
ring  groove  to  chemical  conversion  coating. 

Engineering  Change  Requests  (ECR's)  MM5438,  MM5635,  MM5685, 
and  drawing  12A00511-001  formed  the  backup  data  for  this  portion  of  the  ECP. 
Minuteman  CCB  issued  a  directive  on  29  March  1965  approving  these  changes. 
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SECTION  IV 


GOODYEAR  MOLD  MODIFICATION 

The  following  section  describes  the  studies  and  testing  performed  to 
determine  and  implement  changes  necessary  to  correct  the  Goodyear  -690 
aft-dome  mold. 

A.  FLANGE  FAILURE  DEMONSTRATION 

Two  aft  domes  (RP-1  and  RP-2)  were  molded  following  Goodyear 
Standard  Operating  Procedure  (SOP)  but  with  conditions  adjusted  to  inten¬ 
tionally  cause  flange  failure  and  demonstrate  cracking  theories.  Molding 
was  accomplished  under  the  following  conditions: 

1.  Hand-forged  flanges  were  randomly  selected  from  existing 
stock  at  Goodyear. 

2.  The  mold  load  was  16,940  grams,  the  maximum  allowed  by  the 
SOP. 

3.  The  -690  mold  process  tooling  was  used. 

4.  Both  aft  domes  were  molded  at  500  ton  ram  force  as  allowed 
in  the  SOP. 

5.  The  cooling  plugs  were  selected  for  maxim<nn  interference 
between  the  plug  and  the  flange  0-ring  diameter. 

6.  Both  aft  dones  were  molded  at  the  nominal  time  and 
temperature  as  specified  in  the  SOP. 

Prior  to  molding,  the  contour  mismatch  (gap)  between  the  flange 
nd  the  mold  measured  from  0  000  to  0.046  in.  and  the  interference  fit 
between  the  cooli-g  pl<  -'8  and  flanges  measured  from  0.016  to  0.019  in.  at 
the  0-ring  diameter. 

All  four  flanges  in  RP-1  cracked  at  the  keyway  and  at  a  point  180 
degrees  from  the  keyway.  The  four  flanges  in  RP-2  also  cracked;  however, 
flanges  from  ports  number  2  and  3  cracked  at  180  degrees  from  the  keyway 
only.  The  flanges  from  ports  number  1  and  4  cracked  at  the  keyway  ts  well 
as  at  180  degrees  from  the  keyway. 

The  failure  demonstrations  proved  that  a  flange  improperly- 
supported  within  the  mold  will  crack  under  loaded  mold  conditions  and  that 
the  tooling,  as  it  existed,  did  not  adequately  support  the  flanges. 

Two  subsequent  teats  cn  moldings  RP-I4  and  RP-15  were  performed  to 
allcw  Allied  Research  Associates  (ARA)  to  Investigate  the  original  and  the 
modified  fabrication  processes  st  Goodyear.  At  ARA's  request,  RF-14  was  a 
repeat  of  tht  failure  demonstration  moldinga,  RP-1  and  RP-2,  with  the  follow¬ 
ing  modifications :  (1)  die-forged  flangea  of  the  01A0048Q-0G?  configuration 


were  used  in  porta  number  2  and  4;  (2)  hand -forged  flanc  a  of  the  Q1A00480-0C 
configuration  were  uaed  in  porta  number  1  and  3;  (3)  the  flanges  in  porta  num 
ber  3  and  4  were  shimmed  on  the  10.530  diameter.  (See  discussion  cn  RP-5.) 
Test  of  molding  RP-15  will  be  discussed  later  in  this  report. 

Dye-penetrant  testing  of  the  flanges  after  dome  molding  of  RP-14 
revealed  two  cracks  in  the  anap-ring  groove  of  port  number  1;  one  of  the 
other  flanges  had  cracked.  The  flange  in  port  number  1  was  the  only  one 
that  did  not  have  some  portion  of  the  modifications  referenced  in  section  III 

The  pressure  gage  revealed  the  general  pressure  in  the  flange  3rea 
was  1560  psi.  Photoelastic  testing  with  a  full-siae  epoxy  model  showed  that 
the  resultant  stress  at  the  base  of  the  anap-ring  groove,  produced  by  the 
1560  psi  pressure,  would  be  73,400  psi,  which  is  sufficient  to  cause  flange 
failure. 


The  tests  supported  the  cracking  theories  and  verified  the  need 
for  tooling  modification. 1 

B.  THERMAL  STRESS  ANALYSIS 

An  investigation  was  conducted  to  determine  the  stresses  Imposed 
on  a  flange  by  tooling  installation  and  temperature  cycling  during  a  molding 
cycle.  A  hand- forged  flange  was  instrumented  with  12  strain  gages  as  shown 
in  Figure  34.  The  gages  were  placed  on  critical  areas  of  the  flange  to  show 
the  strains  Induced  during  the  mold  preparations,  curing,  and  cooling  cycles. 
These  data  were  tabulated  as  strain  versus  time  and  are  listed  in  Table  XI. 

Thar*  were  no  indications  of  strains  which  would  have  produced  high 
stress  in  the  base  of  the  snap-ring  groove.  The  maximum  stress  recorded  was 
on  the  strain  gages  mounted  directly  in  hack  of  the  snap-ring  groove  (gages 
4,  6,  9,  and  12)  and  was  only  7,700  psi.  This  occurred  during  the  installa¬ 
tion  of  the  cooling  plug  and  hardware  assembly  tu  the  mold.  This  stress 
dropped  as  heat  was  applied  and  no  f'  rther  stresses  in  excess  of  6,250  psi 
were  recorded  during  the  cycle. 

The  variation  between  gages  number  4  and  12  indicate  non-uniform 
torquing  of  the  four  bolts  used  to  fasten  the  cooling  plug  and  flange  to  the 
mold.  Although  the  observed  variation  did  not  cauae  critical  creases  in  the 
flange,  they  die  indicate  a  need  for  better  control  of  the  torquing  operation 

C.  NONADHESION  TESTS  WITH  MODIFIED  MOLD  INSERTS 

The  failure  demonstration  molding*  RP-1  and  RP-2  were  followed  by 
two  nonedheaion  molding*. 


^Becker,  Hamilton  and  Kyle.  "Photoelastic  Investigation  of  this  Stage  III 
Minuteaan  Nossle  Port  Flange”,  Documents  No,  ARA  289-1,  ARA  289-2,  and 
ARA  289-3 
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On  both  of  these  tests,  the  Standard  Operating  Procedures  (SOP)  were, 
followed  with  th*  following  .conditions : 

1.  Rendon;  selected  hond-forged  flanges  from  twisting  stock  at  Goodyear 
were  uoad. 

2.  The  mold  load  was  16,300  grams, 

3.  Mold  inserts  were  modified  to  improve  the  flange -to-mold  match. 

4.  Both  aft  domes  were  molded  at  500  ten  ram  force  as  allowed  in 
the  SOP, 

5.  The  cooling  plugs  were  selected  for  minimum  interference  between 
the  plug  and  flange  10.300  in.  0-ring  diameter. 

6.  Both  domes  were  molded  at  nominal  time  and  temperature  as  specified 
in  the  SOP 

Before  molding,  the  contour  mismatch  (gap)  between  the  flange  and  mold 
measured  from  0.000  in.  to  0.315  in.  maximum. 

After  molding,  a  dye-penetrant  inspection  revealed  no  cracks  in  any  of 
the  flanges  from  RP-3,  but  two  of  the  flanges  (pores  2  and  4)  from  RP-4  had 
cracks.  Although  the  results  of  the  two  tests  showed  a  marked  improvement 
over  RP-1  and  RP-2,  where  all  four  flanges  in  each  dome  had  cracked,  they 
also  showed  that  additional  corrections  to  the  tooling  had  to  be  made  to 
prevent  flange  cracking  during  molding. 

D,  VOLUME  CONTROL  EVALUATION 

The  two  aft  domes  RP-3  and  RP-4  cited  above  were  also  used  to 
determine  the  volume  of  rubber  contained  in  the  mold  cavity  end  to  establish 
a  control  to  assure  complete  filling  of  the  mold  under  all  molding  conditions. 
Both  aft  domes  were  nonadhesion  moldings  in  which  the  hardware  did  not  bond 
to  the  rubber.  After  the  domes  were  molded,  the  hardware  was  removed  and 
the  rubber  weighed.  The  specific  gravity  of  the  ruDber  was  determined  and 
used  to  calculate  the  volume  of  rubber  in  the  mold  cavity.  The  maximum 
rubber  volume  was  13,760  cc.  In  order  to  maintain  a  constant  rubber  volume, 
the  weight  of  the  mold  load  was  changed  with  respect  to  the  specific  gravity 
of  the  rubber  used.  Table  XII  shows  the  relationship  of  the  mold  load  to 
the  specific  gravity  of  the  rubber  in  order  to  maintain  the  constant  volume 
of  13,760  cc. 

The  "’old  load  in  subsequent  moldings  will  oe  controlled  by  the 
specific  gravity  of  the  rubber.  This  rubber  volume  will,  in  all  cases, 
assure  complete  filling  of  the  mold  and  consistent  molding  pressures  in 
every  aft  dome  molding. 

E.  MODIFICATION  OF  MOuD  I»3fcRI  TOOLING 

In  order  to  correct  the  flange -to -mold  contour  mismatch,  four 
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TABLE  XIX 


SPECIFIC  GRAVITY  VERSUS  HOLD  LGAD 


Specific  Gravity 

1.16  gms/cc 

1.17  gms/cc 

1.18  gms/cc 

1.19  gms/cc 

Mold  Load 

15,963  gma 

16,100  gms 

16,237  gms 

16,374  gms 

temporary  mold  inserts  were  fabricated.  The  configuration  of  these  temporary 
inserts  differed  from  the  original  design  as  follows: 


1.  The  top  sides  of  the  inserts  were  tapered  0.026  in.  across 
the  diameter  so  that  the  inboard  edges  were  0.026  in.  thicker 
than  the  outboard  edges. 

2.  After  tapering,  0.100  in.  was  removed  from  the  bottom  side 
of  each  insert. 

F.  ADHESION  TESTS  RP-5,  RP-6,  AND  RP-7 

Although  the  modification  of  the  mold  inserts  had  reduced  the 
contour  mismatch  (gap)  between  the  flange  and  mold  by  approximately  0.030 
in,,  analysis  showed  that  this  gap  could  not  be  eliminated  on  the  existing 
mold. 


I.  RP-5 

To  minimize  the  effects  of  this  contour  mismatch,  the  follow¬ 
ing  changes  were  Incorporated  and  tested  on  RP-5  (Figures  35  and  36): 

a.  A  .081  in.  shim  was  placed  on  each  mold  insert,  thus 
leaving  approximately  0.020  in.  expansion  gap  between 
the  mold  insert  and  the  cooling  plug, 

b.  After  insertion  of  the  cooling  plug  in  each  flange, 
gaps  were  shinned  between  the  flange  and  the  cooling 
plugs  on  the  10.530  i  diameter.  (See  Figure  37.) 
Shimming  supports  the  flange  against  the  cooling  plug 
during  molding  and  reduces  the  stress  in  the  corner  of 
the  snap  ring  groove. 

c.  The  four  one-inch  bolts  were  torqued  to  400  in. -lbs  to 
fully  seat  the  flange  in  the  mold,  then  loosened  and 
retorqued  to  150  in, -lbs. 

d.  After  assembling  the  flanges  in  the  mold,  each  3/6  in. 
belt  was  loosened  approximately  one-half  turn  to  allow 
the  cooling  plug  to  move  with  the  flange,  thereby 
slimi-ating  stress  on  the  step  from  the  10.300  in.  tc 
the  10.500  in.  diameter  of  the  flange. 
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IN.  BOLTS 


Figure  36.  Aft -Dome  Mold  Nozzle  Port  Subassembly 


Zyglo  and  metallurgical  testa  performed  after  molding 
indicated  no  cracks  or  stress  corrosion  in  any  of  the  flanges. 

2.  RP-6 

Baaed  on  the  results  of  RP-5,  it  was  decided  to  repeat  this 
test  to  see  if  the  results  could  be  duplicated.  Aft  dome  RP-6  showed  that 
modifications  to  the  process  and  the  mold  were  justified.  The  syglo  and 
metallurgical  tests  performed  after  m-  ding  indicated  no  cracks  or  stress 
corrosion  in  any  of  the  flanges. 


3.  RP-7 

Aft  dome  RP-7  was  molded  the  same  as  RP-5  with  the  following 

exceptions: 

a.  Instead  of  the  0.081  in.  shim,  each  mold  Insert  actually 
required  a  0.092  in.  shim  on  the  outboard  edge  and  a 
0.112  in.  shim  on  the  inboard  edge.  This  shimming, 
which  changed  the  total  taper  of  the  mold  insert  from 
0.026  in.  to  0.046  in.,  was  necessary  to  obtain  minimum 
gapping  between  the  flange  and  mold  contours  while 
maintaining  contact  between  the  cooling  plugs  and  the 
mold  inserts. 

b.  A  0.010  in.  pad  of  M-800  rubber,  the  same  material  as 
the  dome  is  made  of,  was  placed  between  the  flange  and 
the  mold. 

4,  RP-5,  RP-T  RP-7  Test  Conclusions 

Although  there  were  no  cracks  in  any  flanges,  the  rubber  pad 
did  not  meet  expectations.  In  theory,  the  pad  should  have  conformed  to  and 
filled  all  gaps  between  the  flange  and  the  mold.  Use  of  the  rubber  pad  was 
not  justified  by  measurements  of  the  pad  thickness  after  molding. 

The  modifications  to  the  tooling,  as  successfully  demonstrated 
by  moldings  RP-5,  RP-6,  and  RP-7,  were  concluded  to  be  an  effective  solution 
for  the  cracking  problem. 


SECTION  V 


GOODYEAR  RE QUALIFICATION  A ND  VERIFICATION 
A.  GOODYEAR  REQUALIFICATION 

Seven  eft  donee,  deeigneted  P*-8,  RP-8A  through  RP-13,  were  molded  to 
requellfy  the  Goodyear  eft  dome  molding  process.  The  process  selected  for 
requalification  wee  that  which  was  utilized  in  molding  RP*5  except  the  mold 
inserts  had  the  0.046  in.  taper  Instead  of  the  0,026  in.  taper.  From  the 
seven  production  aft  domes,  four  were  selected  to  be  wound  in  cases  for 
hydroproof /hydroburs t  testing  a*  part  of  the  raqualif ication  program. 

1 .  Nozzle  Port  Flange  Modification 

Based  on  the  results  of  the  flange  testing,  the  following  changes 
to  the  nozzle-port  flange,  drawing  01A00480,  were  also  incorporated  at  this 
point  to  further  alleviate  the  cracking  problem: 

a.  The  flanges  were  fabricated  from  die  forgings  instead  of  hand 
forgings . 

b.  The  radii  of  the  inside  corners  of  the  snap  ring  groove  were 
increased  to  0.040  +  0.010  in.  aft  and  0.025  +  0.005  in.  for¬ 
ward  instead  of  the  0.005  in.  maxiaurm  in  both  corners. 

c.  The  snap  ring  groove  was  chemical  conversion  coated  instead 
of  hard  anodized. 

2 .  Testing  of  Domes 

The  first  aft  dome,  RP-8,  was  molded  to  the  initial  RP-5  procedure 
and  resulted  in  a  separation  between  the  aluminum  and  phenolic  interface. 
While  this  was  not  a  new  occurrence  and  an  approved  repair  procedure  was 
available,  this  was  r.ot  considered  desirable.  Therefore,  the  torquing  re¬ 
quirements  for  the  remaining  six  aft  domes,  RP-8A  through  RP-13,  were  modi¬ 
fied  to  have  the  four  one-inch  bolts  torqued  to  500  in.- lbs  to  seat  the 
flange,  then  loosened  and  recorqued  to  400  in. -lbs.  In  addition,  after 
ssseobl.ng  the  flanges  in  the  meld,  each  3/8  in.  bolt  was  loosened  approxi¬ 
mately  one-fourth  turn.  This  eliminated  the  phenolic  separation  problem 
•xperienced  with  RP-8. 

a.  Threa  of  the  aeven  domes  (RP-8,  RP-5A,  and  RP-13)  were  sub¬ 
jected  to  the  following  investigation: 

(1)  The  nozzle-pert  flanges  were  penetrent  inspected 
zygio  before  and  after  molding. 

(2)  The  nozzle  port  flanges  were  dissected  end  shipped  to 
Hercules/Bacchus  for  metallurgical  evaluation.  (See 
Table  XIII.  1 

b.  The  other  four  aft  dome*,  R?-9,  RP-1U,  RF -II,  end  R? - 1 2 , 
were  processed  as  follows: 
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TABLI  XIII 


METALLURGICAL  EVALUATION  OF  NOZZLE  PORT  FIANCES 


Material 

General  Teat 

Teat  Condi tiona 

Teat  Reaulta 

Kalaer  Die  Forging 
Teat  No.  RP-8 

Hold  Aft  Dome 

No  cracka  apparent 

Metallurgical 

Analyala 

Mercuric 

treated 

chloi  ide 

Port  No.  1 

Yes 

Dye  penetrant  teat 
negative.  Surface 
attacked  only. 

Port  No.  2 

Yes 

Same  aa  Port  No.  1 

Port  No.  3 

Yes 

Same  aa  Port  No.  1 

Port  No.  U 

Yes 

Same  as  Port  No.  1 

Kaiser  Die  Forging 
Test  No.  RP-8A 

Mold  Aft  Dome 

No  cracks  apparent 

Metallurgical 

Analysis 

Mercuric 

created 

chloride 

Port  No.  1 

Yes 

Dye  penetrant  test 
negative.  Surface 
corrosion  only. 

Port  No,  2 

Yes 

Same  as  Port  No,  1 

Por  t  No .  3 

Yt?s 

Same  as  Port  No.  1 

Port  No. 

Yt*  s 

Same  as  Fort  No.  I 

Kaiser  Die  Forging 
Test  No.  RP-13 

.Hold  Aft  Dome 

No  cracks  apparent 

Metal lurgical 

Mercur  ic 

ch -  i  iv 

Anti  1  y  s  i  3 

treated 

Port  No.  1 

Yes 

Dye  penetrant  test 
negative.  Surface 
corrosion  only. 

Pert  No.  2 

Yes 

Sac*  as  Port  So.  1 

Port  No.  3 

Yes 

Same  as  Port  So.  1 

Port  N'o .  -V 

Yes 

Same  as  Port  So.  1 

(1)  Two  of  the  aft  domes  (RP-9  and  RP-12)  were  used  as 
replacement  domes  on  Insulator  assemblies  GY00549RX  and 
GY00545kX,  respectively.  The  removal  and  replacement 
of  these  aft  domes  was  conducted  per  approved  Repair 
Procedure  MR-2.  The  Insulators,  GY00549RX  and  RH00545RX, 
were  then  wound  Into  cases  S/N  RH00297  and  RH00299. 

(2)  Two  of  the  aft  dor.es,  RP-10  and  RP-11,  were  placed  on 
new  insulators,  GY00557X  and  GY00j58X. 

3.  Test' nit  of  Cases 

The  four  cases  were  processed  as  follows: 

a.  Case  S/N  RH00298  (Insulator  S/N  GY00557X) 

This  case  was  dye-penetrant  Inspected  then  mercuric-chloride 
tested.  It  was  then  hydroproofed ,  dye -penetrant  inspected  again,  hydroburst 
then  metallurgical  analyzed.  No  cracks  were  observed  in  the  flanges  after 
hydroproof,  but  the  mercury  had  made  intergranular  penetration  almost 
completely  through  the  section  of  the  flanges. 

b.  Case  S/N  RH00297  (Insulator  S/N  GY00549RX) 

The  test  sequence  of  this  case  was  planned  to  be  exactly  the 
same  as  RH00298;  however,  a  crack  in  the  number  2  nozzle  port  flank,  was 
observed  after  hydroproof  and  the  case,  therefore,  was  not  hyaroburst. 
Subsequent  metsllographic  analysis  of  the  flanges  from  both  cases,  S/N  297 
and  2r's.  showed  that  the  mercury  had  made  intergranular  penetration  almost 
completely  through  the  sections  of  the  flanges.  Applications  of  mercuric 
chloride  were  found  to  be  nighly  destructive  in  nature  and;  consequently, 
the  cracking  of  the  flange  in  RH297  during  the  425-psi  proof  was  r.ot 
considered  to  be  a  valid  test. 


c.  Cass  S/N  RH00299  (Insulator  S/N  GY00545RX) 

This  case  was  dve -penetrant  inspected,  hydroproofed.  dye- 
penetrar.t  inspected  after  hydroproof,  then  metallurgically  analyzed.  No 
cracks  or  evidence  of  stress  corrosion  vere  found  in  any  of  the  flange*. 
Th*  grain  flow  lines  were  typical  of  the  die  forgings  previously  examined 

d.  Case  S/N  RKG0200  (Insulator  S ?S  GYG055SX) 


This  case  was  dye -penetrant  inspected,  hydroproofed,  dye 
penetrant  inspected  after  hydroproof,  then  stored  for  7  days.  The  case 
was  dye -penetrant  inspected  after  storage,  mecuric -chloride  tested,  the 
matailurgically  analyzed.  No  cracks  vere  founa  m  any  of  the  flanges, 
grain  flew  lines  were  gooo  and  typical  of  the  previously  analyzed  die  f 
No  evidence  of  stress  corrosion  was  foun/*. 


The 

rgir.gs  . 


4.  Do—  for  Allied  Reeearch  Anoclitu,  RP-15 


On*  additional  dora*  (RP-15)  waa  molded  to  provide  Allied  Research 
Aasoclatas  with  the  nacasaary  data  for  evaluating  the  validit"  of  the  modifi- 
cations  Initiated  to  correct  the  flange  cracking  problem  at  Goodyear,  To 
allow  direct  comparison  with  RP-14,  hand-forged  flanges  were  used  in  ports 
number  1  and  3  and  die-forged  flanges  were  used  in  ports  number  2  and  4. 

The  uncured  preforms  and  quadrant  segments  were  Instrumented  with  the 
pressure  gagas  and  shear-stress  Indicators  In  the  same  manner  as  RP-14. 

Dye-penetrant  and  metallurgical  examination  by  ARA  revealed  no 
cracks  in  any  of  the  flanges.  The  measured  mold  pressure  for  the  modi  tied 
process  was  only  960  psi. 

aka*  photoelastic  testing  with  a  full-size  epoxy  model  showed 
the  resultant  stress  at  the  base  of  the  snap-ring  groove  produced  by  the 
960  pal  pressure  would  be  45,120  pel,  which  Is  not  sufficient  to  cause 
flange  failure  during  molding. 

R.  GOODYEAR  VERIFICATION 

In  accordance  with  ECP'e  U<>-133B-HP-B116-1R1  and  2R1,  sampling  plans 
and  Inspection  procedures  were  initiated  to  establish  and  verify  the  reli¬ 
ability  of  requali  led  Goodyear  insulator  fabrication  processes.  The  sampling 
plans  were  designed  .o  provide  checks  at  various  production  stages  *s 
followe: 

1.  Forgings 

s.  Originally,  the  sample  plan  called  for  the  dissection  and 

testing  of  21  fore*"?*  rand  -aly  selected  from  the  existing 
supply,  for  flow  une  configuration  and  phyalcal  and  chemical 
properties.  However,  subsequent  data  disclosed  that  the 
existing  supply  of  die  forgings  consisted  of  966  Hercules  (H) 
owned  forgings  and  560  Goodyear  (G)  owned  forgings.  It  was 
further  determined  that  the  ;i  lot  consisted  of  580  forgings 
from  Kaiser's  heat  lot  FH-10  and  386  from  •’eat  lot  FH-29. 
Therefore,  the  sampling  plan  was  expanded  tc  randomly  select 
30  forgings  from  the  H  lot  (21  from  heat  lot  F'ri-29  and  n:"' 
from  FH-10)  and  three  forgings  from  the  G  lot. 

fc .  ;n  addition,  one  out  of  each  20  forgings  made  subsequent  to 
the  existing  supply  was  tested  for  flow-line  configuration 
and  physical  and  chemicsl  properties. 

Flanges 

6,  Examine  the  first  eight  production  flanges  for  conformance 
to  physical -property  requirements. 


2. 


1 

3 


i 

i 


b.  Test  and  dissect  the  first  eight  flanges  of  item  (1)  for 
latent  cracks  using  mercuric  chloride. 

c.  Test  and  dissect  one  out  of  each  20  flanges  thereafter  for 
latent  cracks  using  mercuric  chloride. 

d.  Prior  to  anodizing,  perform  dye-penetrant  inspection  on  all 
flanges. 

3.  Aft  Domes 

a.  Dissect  and  test  for  cracks  all  nozzle-port  flanges  in  the 
first  production  dome  fabricated,  particularly  at  the  keyway 
position  and  180  degrees  from  the  keyway. 

b.  Dissect  and  test  for  latent  cracks  all  nozzle-port  flanges 
of  one  dome  out  of  every  40  domes  thereafter. 

c.  Dye  penetrant  inspect  all  flanges  in  all  domes  for  flange 
cracking . 

4.  Case  Assemblies 

a.  Dye  penetrant  inspect  all  nozzle -port  flanges  at  case 
assembly  level  after  hydroproofing. 

b.  Dye  penetrant  inspect  all  nozzle-port  flanges  st  case  grain 
loaded  level  of  assembly. 

As  of  10  May  1966,  92  consecutive  units  containing  Goodyear 
insulators  have  successfully  passed  dye-penetrant  inspection  at  the  csaa 
assembly  level  establishing  a  97.5  percent  reliability  demonstration  at  the 
90  percent  confidence  level,  or  99.3  p  rcenc  reliability  at  the  50  percent 
confidence  level. 
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SECTION'  VI 


RELIABILITY  ANALYSIS 


A  reliability  evaluation  was  performed  to  determine  the  number  of 
Stage  III  Minuteman  motors  with  cracked  nozzle-port  flanges  in  the  operational 
force  and  to  establish  the  reliability  of  such  motors  compared  to  those  having 
sound  nozzle-port  flanges. 

A.  EVALUATION  OF  ALL  FIRED  HARDWARE  FOR  CRACKING 

All  available  nozzle-port  flanges  from  fired  QA  motors  were  dye- 
penetrant  inspected  to  determine  how  long  the  cracking  problem  had  existed  and 
to  verify  that  the  problem  was  confined  exclusively  to  Goodyear  hardware. 

A  total  of  75  fired  motors  were  dye-penetrant  inspected.  Of  the  50 
motors  contain  ng  Goodyear  insulators,  15  (14  Wing  II  and  one  Wing  I)  had  one 
or  more  cracked  nozzle-port  ficnge.  No  cracked  flanges  were  found  .  the  26 
U.  S.  Rubber  insul3teu  motors. 

From  these  findings,  it  was  concluded  chat  the  nozzle-port  flange 
cracking  problem  v?as  confined  exclusively  to  Goodyear  insulators,  and  that  Che 
problem  had  existed  since  early  Wing  1, 

B.  CRACKED  FLANGE  MOTORS  IN  FIELD  SERVICE 

Based  on  the  above  information,  the  estimate  of  field  force  motors 
having  cracked  flanges  was  confined  to  those  motors  embodying  Goodyear  insu- 
’ators.  Since  none  of  the  -690  molded  aft  domes  had  bser.  delivered  to  the 
operational  forces,  potentially  cracked  parts  were  narrowed  down  to  Goodyear 
insulators  with  domes  molded  in  the  -243  tooling. 

A  sample  of  57  motors  was  chosen  as  ■-"•ipresentative  of  the  Goodyear 
-243  configuration  motors  in  the  operational  force.  This  sample  included  five 
motors  which  had  been  recycled  from  the  operational  force  plus  one  returned 
from  the  force  for  other  purposes.  All  228  flanges  in  this  sample  were  aye- 
penetrant  inspected. 

Twenty  of  these  motors  were  found  to  have  at  least  one  cracked  nozzle 
port  flange.  On  a  total  basis,  37  of  the  228  flanges  were  cracked.  Based  on 
the  results  of  this  inspection,  36.1  percent  of  the  motors  having  Goodyear 
insulators  with  aft  domes  molded  i:»  -243  tooli,.g  are  predicted,  with  50  percent 
confidence,  to  have  at  least  one  cracked  nozzle  port  flange.  On  a  90  percent 
confidence  basis,  no  more  than  44.4  percent  of  these  motors  are  predicted  to 
have  a  cracked  flange. 

Therefore,  with  50  percent  confidence,  Hercules  predicted  that  119 
motors  of  the  Wing  II-V  configuration  existing  in  the  field  force  on  11 
February  1965  have  at  least  one  cracked  flange.  At  90  percent  confidence, 
this  rtgure  increases  to  147  motors. 
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The  theoretical  and  experimental  analyses  applied  in  evaluating  the 
ability  of  motors  with  cracked  nozzle-port  flanges  to  perform  satisfactorily, 
were  based  on  three  requirements : 

1,  The  motor  must  retain  its  ability  to  withstand  the  loads 
generated  during  static  or  flight  firing. 

2,  The  motor  must  have  dome  and  nozzle  deflection  characteristics 
like  those  of  uncracked  nozzle-port  flange  motors  so  that 
interface,  envelope,  and  guidance  performance  characteristics 
are  not  altered. 

3,  The  cracked  flanges  must  not  alter  the  motor's  capability  to 
withstand  transportation  and  handling  loads  and  to  ultimately 
perform  properly  as  required  under  (1)  and  (2). 

As  an  overriding  rule,  it  was  naturally  required  that  the  motor  per¬ 
form  within  Model  Soecif ication  limits. 

C.  FULL  SCALE  STATIC  FIRINGS 

1 .  Test  Oblectives 

Three  full-scale  units  were  statically  fired  to  evaluate  the 
effect  of  a  cranked  nozzle-port  flange.  The  specific  test  objectives  are  out¬ 
lined  in  Hercules  Test  Plan  MTO- 162-228  and  all  applicable  addenda.  Briefly 
stated,  these  objectives  were  to  evaluate: 

a.  Overall  ballistic  performance c 

b.  Distortion  differences  in  nozzles  installed  in  cracked 
nozzle-port  flanges  and  nozzles  installed  in  sound  flanges. 

c.  Possible  localised  case  stresses  created  by  cracked 
flanges . 

d.  If  existing  cracks  will  propagate  prior  to  or  during  an 
actual  firing. 

2 •  Teet  Results 

Descriptions  of  the  test  setup  and  results  follow; 
a.  Ballistic  Performance 

The  three  motors,  5R0,  5T0,  5T3,  contained  prefiring  cracks 
in  eight  of  the  twelve  ports.  Motors  5R0  and  5T3  had  two  cracked  flanges  each 
and  510  had  cracke  in  all  four  flanges.  Location  and  extent  of  each  crack  is 
listed  in  Table  MV. 


Analysis  of  the  firing  data  on  these  motors  has  shown  that 
all  oallistic  parameters  are  within  the  established  K-sigm#  limits.  Of  the 
minor  variation*  which  occurred,  none  was  attributed  to  the  presence  of  cracked 
nozzle  flanges. 
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TABLE  XIV 


FIRING  EFFECTS  DATA 

NOZZLE  PORT  FLANGE  CRACKING  AND  LOCATION 
AND  MAXIMUM  NOZZLE  MOVEMENT  DURING  FIRING 


Motor 

Number 

Nozzle 

Port 

Crack 

Location 

(Degrees  of  Angle) 

Maximum 

Angular  Distortion 

Max imum 
Distortion  at 
Exit  Plane  of 
Nozzle  (Inches) 

5R0 

1 

None 

★ 

* 

2 

290  to  80 

43.8 

0.34 

3 

None 

34.6 

0.28 

4 

110  to  250 

38.9 

0.30 

5  TO 

1 

135  to  240 

★ 

’ k 

2 

135  to  255 

55.8 

0.41 

3 

135  to  240 

49.0 

0.37 

4 

300  to  45 

33.6 

0.28 

5T3 

1 

None 

* 

* 

2 

145  to  240 

47.2 

0.38 

3 

120  to  240 

36.5 

0.32 

4 

None 

46.6 

0.36 

(1)  The  nozzle  port  kayvay  la  zero  poaltlon  and  angular  measurements  are 
clockwise  from  this  position,  viewing  the  motor  case  from  the  rear. 

(2)  Maximum  angular  distortion  of  the  intake  portion  of  the  nozzle 
allowed  by  interface  control  requirements:  0°  57'  10.35" 

(3)  Maximum  distortion  exit  plane  allowed  by  interface  control  require¬ 
ments:  0.59  in.  prior  to  1.3  seconds  action  time  and  1.00  in.  after 
1.3  seconds. 

*  Not  instrumented 
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b. 


Nozzle  Distortion 


Nozzles  2,  3,<  and  4  of  each  test  motor  were  individually 
instrumented  with  linear  potentiometers  to  measure  nozzle  blast  tube  distor¬ 
tion  at  right  angles  to  the  nozzle  vectoring  motion.  Of  these  nine  nozzles, 
seven  were  in  ports  with  cracked  nozzle-port  flanges;  two  were  in  ports  with 
sound  flanges. 


Average  angular  distortion  of  the  nozzle  intake  portion  within 
a  plane  containing  the  nozzle  and  motor  centerlines  and  exit  plane  distortion 
of  the  seven  instrumented  nozzles  in  cracked  flanges  was  43.5  minutes  id 
0.34  in.,  respectively.  This  compares  to  average  values  of  40.6  minutes  and 
0.32  in.  for  the  two  instrumented  nozzles  in  ports  with  sound  flanges. 
Individual  determinations  are  present  in  Table  XIV.  When  these  figures  are 
compared  with  maximum  distortion  allowed  by  interface  and  envelope  control  of 
0  degrees  57  minutes  10.35  seconds  and  0.59  in.  prior  to  1.3  seconds  action 
time  and  1.00  inch  after  1.3  seconds,  the  measured  deflections  were  not 
significantly  different. 

c <  Theoretical  Stress  Analysis 

In  conducting  this  analysis,  a  pressure  of  350  psi  was  assumed 
to  be  a  representative  level  for  evaluating  the  structural  Integrity  of 
a  flange  as  a  device  for  resisting  outward  motion  of  the  rocket  nozzle  during 
flight.  It  was  further  assumed  that  the  tip  region  of  the  flange  had  been 
completely  broken  off  at  the  forward  radius  of  the  nozzle  snap-ring  groove, 
leaving  only  the  base  region  to  resist  the  snap-ring  force.  (See  Figure  38.) 

The  ARA  analysis  indicates  a  factor  of  safety  of  1.25  for  tb. 
cracked  flange  in  field  service. 

d .  Localized  Case  Stresses 

Strain  gages  were  mounted  on  the  aft  denies  of  the  three  test 
motors  to  determine  if  cracked  nozzle-port  flanges  create  localized  case 
stresses.  These  gages  were  mounted  in  accordance  with  Hercules  drawing 
12S00402.  (See  Figure  39.) 

Resulting  data  were  eva’^ated  by  comparing  dome  strains, 
according  to  geometric  locations  of  the  instrumentation,  in  the  area  of  both 
cracked  and  uncracked  rlanges.  The  maximum  average  values  are  compared  in 
Table  XV. 


These  data  show  that  cracked  flange*  do  not  create  localized 
acrenaea  on  che  caae  aft  dome  during  firing. 


^Becker,  Hamilton  and  Kyle,  "Photoeiaatic  Investigation  cf  the  Stage  III 
Mimteman  Nozzle  Port  Flange",  Documenta  No.  ARA  289-  1,  AR/»  289-2,  and 
ARA  289-3 
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Geometry  of  Flange 


LOCATION  OF  GAOL 5  ON  THE  AFT 
DOMES  OF  MOTORS  5RO,  5TG  AND  5T3 


Figure  39.  Linear  Potentiometer  Location  on  Aft  Dome* 
of  Motor*  5R0,  5T0,  and  5T3 
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TABLE  XV 


AFT  DOME  CASE  STRAIN 
(Micro-Inches  Per  Inch) 


Flange  Condition 

Location 

Cracked 

Uncracked 

Inboard 

3890 

4600 

Outboard 

3160 

3100 

On  case  directly 

over  cracked  area* 

7970 

7820 

On  case  directly 
opposite  cracked 

area* 

_ 1 

7700 

7820 

*Gages  on  cracked  and  uncracked  f'.anges  located  in  the  same  geometric 
position. 
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e*  Crack  Propagation 

In  order  to  help  determine  the  presence  of  unrelieved  tensile 
stresses  in  cracked  nozzle-port  flanges,  the  port  number  2  flanges  of  motors 
5R0,  5T0,  and  5T3  were  treated  with  a  stress  detecting  agent  (mercuric 
chloride)  prior  to  firing.  If  tensile  stress  were  present,  mercury  would 
penetrate  the  aluminum  flange  lntergranularly.  If  tensile  stress  were  not 
present,  only  surface  attack  (pitting)  would  take  place. 

After  a  24-hour  treatment  with  mercuric  chloride,  no  measurable 
change  in  the  dimension  of  the  cracks  could  be  noted.  Metallurgical  examina¬ 
tion  of  the  flanges  after  firing  showed  surface  attack  only;  no  Intergranular 
penetration  had  occurred. 

From  these  findings,  it  was  concluded  that  once  a  flange  has 
cracked,  the  tensile  stresses  causing  the  failure  are  relieved  and  the  crack 
will  not  propagate  with  age.  Furthermore,  these  tests  demonstrated  that  a 
crack  will  not  propagate  during  firing. 

f.  Simulated  Transportation  and  Handling  Test 

One  of  the  test  objectives  of  static  test  motor  4V1  was  to 
evaluate  cracked  nozzle-port  flange  performance  after  being  subjected  to 
temperature  shock,  humidity,  and  motor  vibration  testing. 

Prior  to  any  conditioning  tests,  the  cracked  flanges  in  nozzle 
ports  number  2  and  3  were  dye-penetrant  inspected  to  establish  crack  lengths. 
The  cracks  were  located  in  the  forward  radius  of  the  nozzle  snap-ring  groove 
and  extended  from  110  degrees  to  230  degrees  in  port  number  2  and  from  180 
degrees  to  185  degrees  in  port  number  3.  Angular  position  was  measured  clock¬ 
wise  from  the  flange  keyway. 

The  temperature  shock  test  consisted  of  eight  repeeted  cycles 
with  each  cycle  consisting  of  one  hour  st  1C°F  followed  by  four  hours  at  80°F. 
After  completion  of  the  shock  test,  the  motor  remained  in  the  conditioning 
box  and  began  humidity  conditioning  at  a  minimum  relative  humidity  cf  85 
percent  at  a  90°  +  10°F.  The  humidity  cycle  continued  for  96  hours. 

Vibration  testing  consisted  of  the  following: 


Cyc  les 

100 

Frequency 

(cps) 

Specified 

G  Leve  1 

Ac  tual 

G  Level 

7-15 

,  «.  +  0.00 
2'5  -  0.25 

2.3 

500 

7-15 

2.0  +  0.25 

2.3 

1000 

7-15 

1.5  +  0.25 

1.7 
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A  dye -penetrant  inspection  of  the  cracked  flange  in  nozzle 
port  number  2  was  made  following  the  temperature  ahock,  humidity,  and  vibra¬ 
tion  tests.  No  measurable  change  occurred  in  the  crack  length.  The  cracked 
flange  in  port  number  3  was  not  inspected  after  any  of  cne  above  listed  tests. 

After  firing,  both  cracked  flanges  were  dye-penetrant  inspected. 
Again,  no  measurable  change  had  occurred  in  the  crack  lengths. 

Ballistic  results  showed  no  anomalies  that  could  be  attrlbr 
to  the  cracked  nozzle  flanges  or  to  the  prefiring  temperature  shock,  humid  icy, 
and  vibration  testing.  See  MTO-164-239  for  complete  ballistic  results. 

These  tests  provide  good  assurance  that  e  crack  will  not  propa¬ 
gate  as  a  result  of  operational  transportation  and  handling  loads.  Further¬ 
more,  they  provided  additional  assurance  that  a  cracked  flange  will  not  affec. 
motor  performance. 

D.  ADDITIONAL  RELATED  FIRINGS 

In  addition  to  the  above,  at  the  writing  of  this  report,  14  addi¬ 
tional  motors  with  one  or  more  known  cracked  nozzle-port  flange  have  been  test 
fired.  (See  Table  XVI.)  These  14  motors  were  not  part  of  the  original  program 
plan. 


Analysis  of  the  firing  data  on  these  motors  has  shown  that  no  per¬ 
formance  degradation  could  be  attributed  to  cracked  nozzle  port  flanges. 

Since  the  October  1964  initiation  of  the  dye-penetrant  inspection  of 
nozzle  port  flanges,  prior  to  nozzle  installation,  Hercules  has  established 
that  no  nozzle  port  found  free  of  cracks  before  firing  has  ever  exhibited 
cracks  after  firing.  Therefore,  it  can  be  concluded  that,  prior  to  the  dye - 
penetrant  inspection  initiated  in  October  1964,  anv  flange  found  cracked  after 
firing  was  also  cracked  before  firing. 

Based  on  this  conclusion,  the  15  Wing  II  motors  previously  discussed 
eli  fired  eucceeefully  with  one  or  more  crecked  nozzle-port  flanges. 

E.  FLIGHT  TEST  PERFORMANCE 

Ving  II- IV  flight  tests  conducted  at  AFVTR  and  AFEYR  were  reviewed 
in  light  of  the  crecked  nozzle  flange  anomaly.  A  total  of  V 1  flight  motors 
utilizing  the  Goodyear  ineulator  of  -243  dome  configuration  have  been  flown 
ae  of  thla  writing.  Beeed  on  etatiatical  data  preeented  in  Paragraph  B,  IS  of 
theea  motor*  ehould  have  had  cracked  nozzle-port  flanges.  There  were  no  test 
anomelie*  eeeocieted  with  thee*  flight*  which  co«ld  be  attributed  to  cracked 
nozzle-port  flanges. 
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TABLE  XVI 


FIRED  MOTORS  WITH  KNOWN  BRACKED  FLANGE (S) 


HPC  -lotc- 
No. 

Test  No. 

Enviroruwntal 
TS&H  * 

Tes  t 

Vibration 

Par  ts 

Cracked 

5R0 

5- 1C  36 

2 ,4 

5T3 

3-10-41 

2,3 

5  TO 

5-10-40 

1,2, 3,4 

4V’ 

4-10-43 

X 

X 

2,3 

5S9 

5-10-37 

3,4 

5F9 

5-10-34 

3 

5P1 

Recycle  l 

**  * 

5L2 

Recycle  3 

4 

5V4 

6-10-7 

1 

9L8 

6-4-12 

9L0 

6-4-U 

X 

1 

9M2 

6-4-16 

X 

2 

9L6 

5-4-10 

X 

2 

9M4 

6-4-18 

X 

2 

5X1 

6-4-4 

X 

X 

2,3,4 

5W6 

6-4-2 

X 

X 

2,4 

5X6 

6-4-6 

2,4 

5X7 

co 

•* 

j 

X  I  X 

2,3 

i _ 

_ 1 _ 

*  Temperature  i.cck  end  humidity  te#t 


F.  RELIABILITY  SUMMATION 

For  reliability  purposes,  three  classifications  of  tests  with 
Goodyear  internal  insulators  will  be  used.  The  first  group  consists  of  the 
IS  motors  that  were  known  to  have  cracked  nozzle-port  flanges  prior  to  fir¬ 
ing.  Group  two  consists  of  the  15  motors  that  were  inspected  after  firing 
and  found  to  have  cracked  flanges.  The  third  group  consists  of  the  18  flight 
test  motors  that  were  predicted  to  have  cracked  nozzle  flanges. 

The  reliability  of  motors  with  cracked  nozzle-port  flanges,  as 
established  by  the  success  of  these  three  groups,  is  as  follows: 


90%  Confidence 
Level 

50%  Confidence 
Level 

Group  1 

88.0% 

96.2% 

Group  1  and  2 

93 . 3% 

97 . 9% 

Group  1,  2,  and  3 

95 . 3% 

98.6% 

A' £  IONS 

Based  on  statistical  analysis  of  the  nozzle-port  flange  cracking 
problem,  with  50  percent  confidence,  Hercules  predicts  that  119  motors  of  the 
Wing  II-V  configuration  existing  in  the  field  as  of  11  February  1965  have  at 
lease  one  cracked  nozzle  port  flange.  With  90  percent  confidence,  this 
figure  increases  to  147  motors. 

Full-scale  tests  of  at  least  18  motors  with  known  cracked  flanges 
prior  to  firing  has  shown  that* 

1.  A  motor  with  cracked  nozzle-port  flanges  still  retains  its 
ability  to  withstand  loads  generated  during  static  and  flight 
firing. 

2.  The  aft-dome  and  nozzle-deflection  characteristics  were  not 
e igni f icantly  different  from  those  of  uncracked  nozzle-port 
flange  motors,  and  the  interface  envelope  and  guidance  per¬ 
formance  characteristics  were  not  altered. 

3.  The  cracked  flange  did  not  alter  the  motor's  capability  to 
withstand  transportation  and  handling  loads  and  to  ultimately 
perform  properly  as  required  by  (1)  and  (2). 

4.  The  cracked  nozzle-port  flanges  had  no  effect  on  the  ballistic 
performance  of  the  Stage  III  Minuteman  motor. 

The  reliability  of  motors  with  cracked  nozzle-port  flanges  based 
on  static  and  flight  tests,  at  90  percent  confidence  level,  is  95.4  percent. 
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SECTION  VII 


OVERALL  CONCLUSIONS 


The  investigative  efforts  pinpointed  the  Goodyear  molding  operation  as 
the  major  cause  of  the  no-zle-port  flange  cracking  problem.  The  problem  was 
corrected  by  modifying  the  mold  to  relieve  the  excessive  stresses  imposed  on 
the  flanges  during  molding.  Since  the  mold  modification,  no  insulator  has 
been  rejected  for  cracks  in  the  nozzle-port  flanges.  Several  design  and 
process  improvements  were  also  made  to  increase  the  strength  of  the  nozzle 
port  flange  and  its  resistance  to  cracking. 

Statistically,  there  are  motors  in  the  field  force  with  cracked  flanges. 
However,  static  and  flight  test  data  have  demonstrated  that  the  reliability 
of  motors  containing  cracked  nozzle-port  flanges  is  not  degraded. 
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